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PREFACE TO THE FIRST EDITION. 


Some years ago I was asked by a number of friends to 
write a book on Indian Botany for the use of junior students 
of our Universities. This has been a long felt want for 
it extremely difficult for a beginner to study Botany 
with the help of English text books which deal with 
European plants and are surely not written from the view¬ 
point of the Indian student. To meet this want my 
"Structural Botany” was published soma two years back and 
notwithstanding many of its defectsi especially its elaborate¬ 
ness! the book found ready acceptance at the hands of 
the University, teachers and^ students. This success must, 
I think, be ascribed more to the Indian tone of the book 
than to any intrinsic merit of its own, and has encouraged 
me to bring out the present volume. 

In this volume my aim has been to present the 
elementary portions of the science required to be studied 
by the junior students of our Universities as^ simply and 
as lucidly as possible. Throughout 1 have used vernacular 
names along with their English or Latin equivalents and 
illustrated the book as copiously as possible with commonly 
occurring Indian plants and their structure. This I hope 
will greatly facilitate the work of our students and enable 
them to acquire a general knowledge of Botany with 
•special reference to the Indian llora. In order that full 
advantage may be taken of the vernacular names 1 have 
added an appendix which sets forth the synonymous names 
of plants current in the different provinces of India. 

Oreat difficulty was experienced in giving original 
micro'drawings for Part II of this volume. These drawings 
as well as many other original ones in the other parts of 
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the book have been executed faithfully by my brother, 
Mr. Nripendra Nath Mitra, who has also helped me un* 
remittingly in going over the proof sheets and in drawing 
up the index. 

, I .cannot express how greatly I am indebted to 
Prof. S. 0. Mahalanobis, B.So., for his kindness 

in going over the whole of my earlier work, Structural 
Botany, and preparing a full list of corrections and* for 
his numerous valuable suggestions. I have taken full 
advantage of these corrections and suggestions in the 
present volume, but I am wholly responsible for the errors 
of fact that may have escaped scrutiny and for the few 
innovations that I have purposely introduced in the hope 
of securing consistency. Nor can I close this note without 
expressing my grateful acknowledgments to Principal G. C. 
Bose and to many of my friends for their numerous hints 
and suggestions, and more than anything else, for the 
encouragement they have accorded me in a field where 
encouragement is badly needed. 


BANGAijAsi College, 

■ 

Calcutta, Auguht It)]6, 


11. N. Mitua 
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PREFACE TO THE SECOND EDITION. 


In this edition extensive ohanget have been intrbdaoed. 
The whole of the first and the second parts of book 
dealing with Morphology have been entirely rewritten. 
The other parts have also been revised !and rev^ritteti at 
some places, especially with a view to removing tm^rs 
not •required to be learnt by junior students, and replaeing 
others which suffered from an obscurity of language. A 
large number of new illustrations have also been added, 
but the original idea of giving analytical pictures of every 
common plant has been found very difficult to carry out 
owing to war-conditions. A summary and a set of questions 
have been added after the chapters wherever necessary; 
it is hoped they will be of snbstar)tial help to students, 
especially for rapid revision. • 


IUnoabasi Collbgr | 
Calcutta, January 1918. j 


H. N. Mitba. 


PREFACE TO THE THIRD &SFOURTH EDITION. 


In this edition a few more wood-cuts have been added. 
Owing to pre-occupation the author has not been able to 
revise the book thoroughly, but still certain improvements, 
such as the insertion of small paragraphs on economic plants 
under the Natural orders, have been made and a glossary 
of Botanical terms has been added at the end. A more 
thorough list of the vernacular names of plants current in 
the*different provinces has been given, and this, ft is hoped, 
will greatly help students outside Bengal who now so largely 
depend {upon this book. 


Annuai. Rrgister Opftcr 
Sibpur, i921. 
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PREFACE TO THE FIFTH EDITION. 

This edition is being published under the shadow of 
the greatest Tnisfortune that' could befall us. Our editor 
has been prematurely summoned to bis Pleavenly Home 
on the 29th September last. We are issuing this edition as 
an exact repritit of the previous one (with, of course, such 
addition in Natural orders which have been lately introd^iced 
into the Syllabus). We have spared no pains to look to 
the printing and get-up, and with the blessings of the illus¬ 
trious deceased we hope to have placed before our readers 
the very likeness of the late Prof. Mitra’s handiwork. 

We do hope and trust that our readers would encourage 
us to continue this publication and thus keep alive the 
work of the groat scholar who, bo it remembered, was the 
first to firing before the Indian Sturlents of Botany a real 
complete text book on the subiect, and very kindly favour 
us with their suggestions for improvement for the next 
improved edition which wo would take in hand in the near 
futntc^and in which wc have f»cen voluntarily offered the 
collaboration ui disbing\iishod scholars in Botany amongst 
Prof. Mitra’s friends and students. W'o will also introduce 
a large number of additional tri oolourod plates a/id blocks in 
tlie next edition. 


Annual Brcistrk Opfior 
Sibpnr, NoDember I92f>. 
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INTRODUCTION. 


Botany is the science of the vegetable kingdom. It is 
divided into several paita or departments each dealing with 
a^articular si.lo of the science of plants. These are.— 

1. Morphology, which deals with the form and struc¬ 
ture of plants ; for instance with the various forms of stems, 
roots, leaves, and so on. The term means the science of forms, 

2. Physiology, which deals with the functions of 
plants ; that is to say, with the work done by the stem, 
leaf, root, etc. It enquires : How the plant lives, how it 
feeds, how it multiplies, and so forth. 

We all know that the plant takes its food from the 
soil: but bow does it actually feed, and what does the 
plant feed upon '? We know that the plant requires water ; 
but how does it absorb water ? We know that the plant 
requires light, it can not grow in darkness; why does it 
require light, what is the effect of light or darkness upon 
plants ? How is the life of a plant affected by light, heat, 
moisture, etc? All such questions involving the life of the 
plant are studied in physiology. 

3. Systematic Botany, which deals with the clasnfica- 
lion of plants. Here we try to find out the similarity 
between different plants so that they may be formed into 
groups, the groups in their turn showing near alliances. 
In this way the whole plarit ki'igdom may be divided 
into a number of groups or families of plants. For instance, 
there are various forms of palms but they all are 
alike in certain respects and so constitute a close family, 
namely the Palm family. difTeront altogether from, say, the 
Cucumber family or the Ropc family. A parallel is seen 

I 
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ill the auimal kingdom which is easily divided into such 
families as Birds> Reptiles, Mammals, and so on. 

4. Ecology, which studies the relation between 
the form of a plant and its surroundings. Plants which 
live under dilFerent conditions are naturally very ditfereiit. 
For instance, water plants are soft and delicate, land plants 
are harder, plants of dry places are dwarfy and very hard, 
and so forth. We know that some plants can bear greSt 
cold, others can not; some can live in vei'y poor soil, others 
can only live in a rich soil; some can bear great heat, 
others remain in shady places and so on. Ecology studies 
how the form and mode of life of plants are adapted to 
i heir surroundings. 

Fig. i. Fig. L>. Fig 3, 



Fig. 1. Simple microscopic Algm ; F, a filamentous AJga. 

Fig, 2, A minute plant forming an undifferentiated tliallus. 

Fig. 3. A minute plant with a branched thallus. 

Morphology is divided into (1) external Morphology, 
which deals with the external parts or limbs of plants, such 
as the stem, root, leaf, etc, and (2) internal Morphology 
which deals with the internal- structure of plants—such 
as their bones and tissues. Just as the animal body is 
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made up of tissues, such as musoles, veios, nerves, bones and 
so on, so too the plant'body is made up of tissues. The 
internal structure of plants or internal morphology is 
studied under Plant Anatomy or Histology, 


Kinds of Plants. —Root, stem, leaves, flowers and fruit 
are of course found in most plants, but not in all ; for instance, 
they are wanting in the Mushroom which is a plant, for it 
ifves and grows like a plant, though it is very different in 
form and structure from ordinary green plants. A very 

similar plant is often found in 
the form of thick fleshy white 
plates growing on the bark of 
trees or on old rotten bamhioos. 
Plants which have no members 
such as stem, root, leaf, etc., are 
said to be vndifferentiatgd. Their 
simple memberlesB plato-liko 
body is called a thallus, as op¬ 
posed to a cormus which is a 
plant-body having distinct mem¬ 
bers. Thallus plants constitute 
a class, the lowest class of the plant kingdom, like the 
worms of the animal kingdom, called Thallophyta. Some 
of the thallophyta are extremely minute (fig. l), they cannot 
bo seen with the naked eye ; they live in water or in moist 
places. The mushrooms are very big thallophytos; the 
moulds (ohatadhara) formed on rotten vegetables, jellies, 
ehutnoys, on old leather or ink are simpler thallophytes. 
They consist of long white interwoven threads. The green 
slimy floating masses often found on the water of ponds and 
marshes are also simpler thallophytes; they consist of inter¬ 
woven green threads. The green thallophytes live in water 
or moist places; they form the class known as Algae. 
The white thallophytes, like the mushroom and the 



Pig. 4. Tlie Mnshroora— 
a thaJIopliyte, 
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moulds) Hvo on decaying matters and form the class 

called Fungi. 

Fig. 5, Fig. 6. Fig. 7, 


C OR mophvta 



Fig. 6. A ThalluB with a small upright shoot or cormus. 

Fig. G. Thallus of Fern with the leafy shoot or cormus. 

Fig. 7. The Moss plant—a cormophyte. 

Cormophsdes have distinct members such as stem, root, 
leaf, etc. Mosses, (fig. 7) often found on damp walls, arc fhe 
smallest and simplest of cormophytes. They have vety simple 
leaf and stem and root-like structures hut have no flower ; 
so too the Ferns which are bigger plants. Ordinary plants 
are flowering plants ; the feri s (fig. 8) and the mosses are 
non-flowering plants. The obiect of the flower is to produce 
fruit within which are developed the seeds. The seeds are 
very important for they serve to multiply the plant. Hence 
flowering plants are also called seed-plants. Flow'crless 
plants such as the ferns, the mosses, the algse and the fungi, 
do not produce seeds. But how are they propagated ? They 
produce certain minute dust-like bodies, called spores, 
which are scattered by the wind and thus multiply the 
plant. Hence flowerless plants are also called spore 
plants. The spores may bo easily observed at the back or 
under-a\xrface of a mature fern-loaf, whore they form a thick- 
coating of a brown powder. 
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Flowering plants form the majoi' 
portion of the vegetation of the globe. 
They are divided into three great 
classes :(l) Pines—trees with small needle- 
shaped leaves^ (2) Dicots—plants with 
small leaves and often with branches, and 
(3)-IMonocots—plants with comparatively 
Urge loaves having a .sheathing base. For 
instance Mango, Rose, Banyaii, Pea, Java, 
Jack, are Dicots; the Palms, Gra&ses, 
Pineapple, Banana, are Monocots. The 
former are as a rule mucli branched, the 
latter are often iinbraiiched. The distinctroji 
between Dicots and Monocots lie.s in the 
structure of the seed as will be seen 
in the next oliapter. 


Fig. 8. A Fern 
plant. 

Tlie following table gives (he main groujw ol jt)an(s. 

Flowering Plsnt* '>r Seed plants -- 

1, Dicuta, E. 0 ,, Mango, Hose, ,lava, etc. 

2. Monocots, K. o., Ttaiiana, I'alma, Grasses, etc. 

•S. rmes. 

Fiowerless plants oi Fpoic plants- 

Cormophyta, plants will] sletn ami Jeavet. 

4. Feins. 

5. Mosses. 

Thallophyta, plants witli a thallus. 

C. Algae—Green. 

7. Fungi- -Colourless or white. 



CHAPTER 1. 

GERMINATION. 


If a low Pea seeds be laid in water or moi^ earth 
it will be noticed in a short time that the seed swells 
and thou its outer coat (called the testa) can bo easily torn 
off. Inside the testa lies the kernel of the seed which 
easily splits up into two halves (figs. 9a, 11c) which arc 
called the cotyledons or seed leaves. Between them 
nestles a very sraall body in which the rudiments of the 
stoTD, leaf* and root can be distinguished. The pointed 
end of this is the rudiment of the root called the radicle ; 
at the other end is the ludinient of a bud cfdTid the 



1’c‘a fioi'd— 
a, colylaior.b ; d, 
axiK ; b, ladicle. 


Fi*.?. 10, Tiean seedling—a, Fig. 11. Seed 
cotyledon, c, plumule; of Tican-c, coty- 
e, cpicotyl ; d, liypoeotyi ; IctloiiR, p, plu- 
b, loot. mule, r, ladicle. 


plumule (fig. 10). if the seeds arc placed in moist loose 
earth the cotyledons first swell up and break the testa, ajid 
the radicle then wymes out. It then bends down into the 
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earth and grows up into tho root Tho pluniule also 

lengthens in a short time, but 
it grows straight up into the 
air and unfolds the first green 
leaves of the seedling. If we 
now dig tip the seedling we 
notice that the cotyledons 
have softened and contracted, 
and ns the stem continues to 
grow pioducing leaf after leaf 
the cotyledons bui-ied in tho 
earth giadually wither and fall 
off. 

The seed, then, consists of 
two paits : (1) the protective 
soed-coat or testa, and (2) tho 

^ W ^W^VP*** 

embryo-plant having cotyledons, 

.« ut w' j* !**^** 

plumule and radicle. The coty¬ 
ledons store a large quantity of food reserved for the 
nourishment and growth of the embryo. The seed germinates 
only when it gets water, and also some amount of heat 
from tho soil, for in a cold soil germination can not take 
place. The cotyledons absorb water, swell up, and push 
out the plumule and radicle from the split testa ; they also 
soften, so that the reserve food matter which is in a very 
condensed form becomes gradually softened and soluble 
in water and so easily digestible. Tho plumule and the 
radicle grow at the expense of the food matter stored 
in tho cotyledons, but this is exhausted by tho time that 
the,iSeedHng has developed well with ‘ roots in the earth 
and leaves in the air. Now the little plant can live 
independently, for its root absorbs nutriment from the 
soil, and the empty cotyledons are of no further use ; they 
dry up and wither away. 



Kig. 12. Seedling of Pra 
— c, cotylPlioiis, 
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Germination of Cucumber.—The seed is flat and 
rounded at one end and tapering at the other. If we place 
the seed in moist earth a sticky matter soon forms on 

l-'ig. 13. 



Figs. 13—termination of Ou'iumb'n ; fig. l.t. heed coal (i) split 
open and radicle coming out; tig. 1!. Same later stage with Ijypocotyl 
the cotyli’dons c; out of the geping testa. 

Fig. 13. The seedling plant—h, hypocotyl, P, plumule, 

the surface and this fixo.s the seed to the soil. Within a 
few days the seedling comes out. At first the radicle peeps 
out from the narrow end of the seed, and the seed-coat is 
split open by the swelling of the nontetits of the seed. The 
radicle bonds down and grows straight into the earth. It 
produces branches and thus fixes the seed to the earth. At 
this stage the portion of the axis .inst above the radicle 
grows strongly, and since the seed is attached at two points, 
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first by the root and soooiidly by the sticky seed'coat, the 
growing axis bends strongly upwards like an arch and splits 
the Med-coat wider and wider. The gaping seed then 
liberates the two cotyledons so long imprisoned within the 
testa, and then the axis bearing the ootyledons, called the 
hypocotyledonary axix or simply the hypocoty], grows straight 
up into the air. The ootyledons here too are thick and 
tlesby ; but they do not lie buried in the earth as in the 
Pea ; they come out in the air and become green like ordi¬ 
nary leaves. Between them lies the small plumule. A 
much similar germination is that oi the Bean-seed 
(figs. lOi 11), only here the leaves of the plumule come 
forwai*d almost before the root has fixed the plant to 
the soil. 

In all these three cases we see that the whole kernel of 

the seed is the embryo, that there are two cotyledons, 

hence these plants are said to be Dicotyledonous or simply 
_ » 

Dicots, and that the cotyledons arc swollen beosmse they 
store food matter for the growth of the plumule and the 
radicle. In Pea cotyledons are very 8wolle?i; they have 
lost all likeness to leaves, they simply act as the store-house 
of foofl, and remain always buried in the oailh. Such 
cotyledons are said to be hypogeal. In the Bean, Cucum¬ 
ber, Gourd, Melon, Morning glory. Sunflower and many 
other plants, the cotyledons store food matter no doubt, but 
they are ultimately pushed into the air by the hypocotyl; 
they became green and have the appearance of ordinary 
leaves. Such ootyledons are said to be epigeal. The 
embryo consists of a very short axis; this terminates in the 
plumule above and the radicle below, while about midway 
are developed the two cotyledons. The part of the axis 
which lies below the attachment of the cotyledons is called 
the hypocotyl, the part which lies above it is the epicoty]. 
In Pea it is the epicotyl which elongates ; in Bean, Cucumber 
1(a) 
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and the other cases mentioned, it is the hypocotyl which 
elongates and pushes the cotyledons and the plumule up 
above into the air. 

The whole kernel of the seed is not always the embryo 
as in the cases mentioned ; nor are the cotyledons always 
fleshy. In the Castor-oil or Poppy seed the embryo is 
minute and lies embedded in an oily matter. Examiriod 
with a lens after proper dissection the embryo reveals the 
presence of two small cotyledons, a still smaller plumule, and 
an almost insignificant radicle ; the whole surrounded by an 
oily matter. When germination begins the cotyledons 
remain for some time inside the seed, the radicle protrudes 
as usual and fixes itself to the soil. Then the hypocotyl 
arches and elongates but instead of dragging the cotyledons 
out of the split seed'coat, it draws the whole seed up and 
becomes erect. Gradually the oily matter, which is really 
the reserve food-matter kept in store for nursing the embryo 
during germination, is absorbed and then the empty seed- 
(!oat is detached like husk and the cotyledons are liberated. 
Like ordinary green leaves they now appear as thin, flat, 
green structures which from this time onwards behave 
exactly like leaves. The food stored in the seed is called 
albumen or endosperm. 

't'hus the seed here consists of.— 

. The seed-coat or testa. 

The embryo which is very small and lies embedded 
in a reserve food called 

C.3. The albumen. Seeds with albumen are called 
albuminous, they have a small embryo; seeds without the 

albumen (Pea, Bean, Cucumber, etc.) are called exalbumi- 

nous, they have a large embryo the mi^or part of which is 

the cotyledons. Albuminous seeds have their food stored 

outside the embryo; exaltuminous seeds store .their-food 
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inside the embryo in the flaahy cotyledon s. All the cereals, 
Rice, Maize, Oats, and the Grasses and Palms have albumi¬ 
nous seeds. They have a minute embryo and a laige 
albumen. 

Germination of Rice.—The Rice grain is really a very 
small fruit. The two husk protect the real grain, the thin 

pink-coloured coat of which is 
made up of the testa or seed- 
coat and the wall of the fruit. 
The rough husks serve to attach 
the grain to the soil so that it 
may not be washed away by rain. 
If we remove the ■ husks and 
examine the pink grain we notice 
a minute whitish body at one 
end. This is the embryo (fig. 
18a). The rest is albumen which 
supplies nourishment to the 
embryo as it grows up into a 
seedling plant. If we cut the 
grain into two lengthwise and 
examine the embryo with <, lens, 
wo shall sec that the embryo 
lies in contact with the albu¬ 
men by moans of a short struc¬ 
ture (fig. 17s). yhis is the coty¬ 
ledon. The free edges of this 
curl out and enclose the plumule 
and the radicle in the form of a 
thin membranous sheath. The 

Kig. 16. Kceilling of Kice 

I)’anf; c, the cotyledon. part of the cotyledon which con¬ 

nects the embryo to the albumen 
(fig. 17s) is called the scutplbm ; during germination it pierces 
the bard albumen, di.s8olves it and makes it easily assimil- 
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able. The food thus prepared is then sent to the plumule 
and the radicle in a dissolved state. First the radicle 
pierces the s»c-like covering of the cotyledon, (fig. 19r), 
bends down and penetiates into the ground, aiid develops 
into the root. The plumule also grows and elongates by 

Fig. 17. F]g. 18. Fig. 19. 



F)g. 17. Longiludinal section of liicc grain magnified to show P 
the tcutelluro ; E, the alhuintn-liEtDe : j), tnc plumnJc ; r, the radicle. ’ 

Fig. 18. Bice gia’n slightly enlarged ; a, the cmbiyo; E, the 
albumen. 

Fig. 19. Wheat grain greatly enlarged ; s, scutcllum ; P, t; the wall 
of the grain including the testa ; a, the first layer of the albumen ■ p 
plumule ; rt, the branch root; r, radicle ; r.c, th,e loot-cap. ’ ’ 

pieicing the cotyledon-shcath which now remains behind as 
a thin scale lying at the base of the stem (fig. 16o). 

Here we have only one cotylei^on, and hence the 
plant is said to be Monocotyledonous or shoitJy a Mono- 
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cot. All the grasses and cereals and bamboos are Mono¬ 
cots. They germinate precisely ifi the same way as the 
Rice grain. The grains are all albuminous, have a very 
small embryo lying by the side of the albumen, and possess 
but a single cotyledon. 

GerminsUion of Cocoa-nut.—This is interesting 
because of its peculiar cotyledon. The hard shell of the 

‘nut’ is not the testa, it is the 
inner layer of the fibrous fruit. 
The shell can be caiefully crack¬ 
ed so that the round seed 
inside comes out unbrdken. 
On the surface of this balMike 
seed is a thin brown layer—this 
is the tesla. Below this is the 
hollow, white, tough and oaiti- 
lago-liko‘substauco. This is the 
albumen.. In a young fruit this 
is a thin soft layer while the 
cavity is filled with a sweet 
watery liquid which in the ripe 
fruit becomes milky and un¬ 
palatable. The white tough 
kernel of the seed is wholly albumen, and the embryo 
is a minute yellowish body imbedded in it at one of the 
three ‘eyes’ of the shell. On germination at first a stout 
root-like structure comes out of the ‘eye’. This is not, 
however, the root; it is the lower part of the cotyledon 
rolled up into a tube or sheath round the hypocotyl and 
its bud (plumule), and also covering the radicle. The upper 
part of this cotyledon (fig. 20) remains inside the seed 
in contact with the reserve food which it gradually 
absorbs. This part of the cotyledon lorms a spongy mass 
filling the cavity of the seed ; at this bUvge there is no- 



Fig. 20. 

Germination of a Palm, 
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milk. The outer part of the cotyledon enclosing the 
plumule and radicle bends down and is greatly elongated ; 

C 



21 . 

Kig, 21. IVvclopiuent. of a IHcot, A-- Ji, jumiary ront : V[., 

plumuJc ; {\ cotyicdons, 

Il—K, root-cap ; hIj, root haiiB ; k" Bccondary loots ; 1, buds. 

C—the fully developed plant, 

its central part is swollen and contains the bidden plnmnli 
and radicle. Gradually the food matter oi the albumen 
is brought to this part by the stem-liko elongated cotyledon 
after it is reiidered soluble and easily assimilable by the 
STiongy part of the cotyledon lying inside tlio seed. Then 
the radicle and plumule grow up, elongate, and pierce 

the cotyledon sheath (%. 20), the plumule growing up¬ 
wards into the air and the radicle downwards into 

he earth. The germination of the Tal (Palmyra Palm) 

and other Palms is much similar. The spongy cotyledon 

of Tal (Talei'-phonphor) is eaten with relish in the country : 
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it is full of a sweet juice which the cotyledon prepares 
from the hard albumen. The Palms are all Monocots; 
their seeds are all albuminous. 

Dicots and Monocots then differ mainly in the number 
of cotyledons in the seed ; Dicots have tm cotyledons and 
Monocf)ts only one. Another impoitaiit difference is that 



Fig. 22, 

Fig. 22. Development of a Monocot. A—R, primary root, pi, plumule, 
c, cotyleilon. B—later stage. 0—the fully developcil plant with 
numerous utlventitious roots arising from the lower part of the stem 

the radicle in the Dioot is prolonged into a root which 
grows continuously and forms branch-roots (fig. 21) ; that 
of the Monooot however is short-lived, it does not grow 
continuously and forms at the most few branch-roots. The 
first root of the Monocot soon dies but very early new roots 
spring from the par/ 0 /hypocofyl and the stem, as 
shown diagrammatioally in fig. 22 (see also next ohapter). 
The following chapters of Morphology deal almost exclusively 
Dicots and Monocots and their other differences will 
(jpear later on, 
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SUMMARY. 

Qermination is the prooesfi by which the embryo of a seed develops 
into a plant. The conditions necesBary for germination are: (1) 
water, ( 2 ) heat, and (3) air. Seeds contain very little water and unless 
these conditions be Inin lied the embyro remains dormant inside the 
seed. Tbe seed has (1) an outer protective coat or testa, (2) a store 
of I'euorve food or albumen for tbe nourishment of the embryo, and (3) 
tbe embryo, lu some seeds the embryo is very small and the albumen 
large—these are called Albumkous all cereals, lalms, 

Castor oil, etc.; in others the embryo is large with fleshy cotyledons which 
store food-matter and fill up the whole cavity of the seed, and a separate 
albumen is not present—these are Exalbuminous Seeds Pea, 

Bean, Cucumber, Melon, etc. In germination, fiist water is absorbed . 
by the seed ; it swells, the seed-coat bursts, the swollen embryo is pushed 
out, and the reserve food of tbe albumen or of the cotyledons then become 
gradually converted into easily assimilable matters under the action of 
water, heat and air. This food then goes to the plumuic and radicle to 
nourish them. 


QUESTIONS. 

1. Distinguish between Dicots and Monocots. What is tlic use 
of tbe cotyledons ? 

2. Describe the germination of Cucumber or of any seed. 

3. What are albuminous and exalbumincas seeds ? Give six exam¬ 
ples of each. 

4. Examine the following seeds and describe their parts : Fea, 
Cucumber, Tamarind, Mango, Date, Betel-nut anif Wheat. 

6. Compare the germinations of the Pea, the Bean, the Cucumber, 
and the Bice. 
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CHAPTER li. 

THE ROOT. 

From the last chapter we learn that the radicle grows 
up into the root. To study the root we should first examine 
a ieitt' seedlings grown on coarse sand or moist blotting paper. 
Wo may also pull up seedlings grown in pots or seed-lteds, 
but then the earth about each seedling must be first care~ 
fully loosened so that the tender root is not injured, and the 
adhering mud washed away in a gentle stream of water. 
This washing is not an easy task, for the particles of mud 
(fig. 24) stick to the root with great tenacity. 

In a well grown root of a seedling we notice that the tip 
is smooth and conical, a shape well suited to bore through 
the soil. At a sboi't distance behind the tip the surface is 
rather velvety or hairy, being clothed with fine white silky 
hairs (fig. 23). It is hero that the particles of soil adhere 
so firmly. The hairs are called loot hairs, while the tip of 
the root has a brownish cap, culled the root-cap. Behind 
the portion of the root clothed with hairs the surface is 
smooth, and further away root-lets are seen to be growing 
out (fig. 2l)> In an old root we can easily distinguish four 
regions: (l) the root tip, (2) the region of root-hairs, (3) the 
region of root branches, and (4) the older part which 
g'fadualfy grows thicker. 

We all know that the root absorbs water from the earth. 
This water is held between the fine particles of the soil, and 
so to absorb it the toot must come in contact with the soil- 
particles. The root-hairs formed on the tender skin of the 
root can easily pass between these fine particles, turn' and 
twist round them, as shown in fig. 26i and suck up 
water like a sponge. But as the root grows its delicate tip 
2 
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is pushed through the hard grains of the soil and continually 
wears away, but is as constantly replaced by the forma- 



Fig. 23. A primary 
root with lont- 
hairs. 



n 


Kig. 25. A young Bean 
plant showing the tap-root 
with brancbci^^ h, root hairb, 
c, the cotyletionH, p, the 
young bud. 



Fig. 24. The Fame 
with iidheiing 
mud» 


tion of a tissue which surrounds it at the top like a cap. 
This is the root-cap. The tip of the root is also peculiaily 
sensitive to moisture and can at once perceive in what part 
of the soil there is water. It changes its course accordingly 
and thus arises Jhe zig-zag form of the root (fig. 26). The 
root-hairs follow the root-tip and rapidly absorb water, 
but as the root elongates the delicate hairs are torn away 
and fresh hairs are continually formed just behind the tip. 
The older part of the root then throws out branches which 
serve not merely to fasten the plant securely to the earth, 
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but albo repeat the boring and absorbing characters of the 
a'ain root, vr 

j Tap and adventitious roots.— The first root formed 

?/ 7 ■' , .. by the radicle is term¬ 

ed the primary rooi. 
In Dicots generally 
this gradually grows 

s 

up into a long, stout 
root, termed the tap¬ 
root ; its branches aie 
the secondary roots. 
In large trees the 

I 

tap root becomes en¬ 
ormously stout and 
long, and branching 
repeatedly, covers a 
large portion of the 
soil. A good form of 
tap root may bo seen 

, in many common 

1'ig. 2fi. Part of a longitudinal wet ion a 

of a vory young root, highly magnitic-d, DlCOt herbs ' oun- 

showing the skin [Ep] l),aiing rooi-haus flower. Mustard, 

[ah] with adhering partsclcs of the MJil. „ , . 

Natiya-sagv^marantHS 

JiUfum, var, okrnce'i), etc. It is especially long in plants 

of dry open places where the upper crust of the earth 

is dry and the moist substratum is at a great depth. 

The root of Kantihary (Solanum xantliocarpum), or Sh^j.1- 

kanta (Argemone rnexicana) may be cited as an instance. 

<■> 

In one plant, Hardwtehia linata, found in the drier parts 
of Cbota-Nagpur, t/te seedling plant has a tap root no lass than 
ten feet long ! The length of the tap root depends upon the 
deprh of the sub-soil water. 

In Monocots, however, the primary root does not live 
long and cannot form a tap root. The first root formed 
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from the radicle perishes shortly after germination, and 
newer roots spring from the lower pail; of the stem (fig. 22). 

^ t r ‘ 

They are termed adventitiov^ They are so -called 

because they do not arise from the radicle from which 

• - • ^ * 

• • f I a* 

the root-system of a plant is derived, but may arise from 
any part of the stem. In Grasses and cereals the root 
system is a collection of thin, long, fi hroui rooh ^ (fig. 30) 
coming out from the joints of the stem. Similarly in Bamboos 
and the >Sugar-cano the adventitious roots are formed in 
circles round the stem at the joints. In such Monocot 
trees as Palms (Cocoanut, Betel-nut) the root system is 

i 

made up of long, iinbranched, rod-lihe adventitious roots, 
some of which may be seen just coming out of the tiunh 
and pointing downwards. 


Kig. 27, 




Fig. 80. 



A (ap root. Conical rooi. FuBifoim root. Fibious loot. 


The primary tap root is the rule in Dicots anti the 
Pines. But they inny also produce adventitious roots. 
In fact all plants have a tendency to produce roots from 
parts of the stem which lie near a moist soil. And branches 
of certain plants, such as the Eose, the Marigold, the 
Jasmines, (Bel, Jui, etc), the Sajina (Moringa^terygosperma — 
the Horse-radish tree) etc., may be even severed from the 
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parent stock and planted separately ; in a few days they 
produce adventitious routs from the ept end of the stem. 
Indeed these plants are mainly propagated by such Mttings. 



Fi}:. 31. The I5ot or Indian Banyan tree with prop roots. 


iSoiro very peculiar and gigantic forms of adventitious 
roots aro foimod in ccrtaiii plants. In old Banyan (Bot, 
Aswatha) trees certain cord-liko or columnar structures 
may be seen hanging from the boughs. These aro roots 
which gradually grow vertically down until they reach the 
ground. They then penetrate into it, and growing thicker 
and thicker form very strong pillars for the heavy horizontal 
boughs of the tree. The Banyans live for hundreds of years 
and an old tree may have hundreds of such pillardikc 
roots, as shown in fig. 31. Such supporting roots aro 
better known as prop roots. Another kind of supporting 
roots may be seen in the Screw-pine (Ketuky—fig. 32). 
The trunk of this tree prodacos a number of cylindrical 
adventitious roots which grow out obliquely pointing down¬ 
wards and then reach the earth. From a distance the 
plant looks as if supported on several stilts, like a spider 
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standing on its long legs, and so those roots arc somotimes 
called atilt-ioots. 



Kig, 32, The Scicw-pinc (Ketuky) will) stilt roots. 

Modified forms of tap roots.—Three special forms of 
tap root are shown in figs. 28, 29 and 33, ri*., the conical, 
the fusiform, and the napiform. The conical tap root, 
best seen in the Radish (Moola) has a large base and a 

(I III! >ll■lli^y 

tapering apex, with slender branch roots coining out of 
the sides. The fusiform I'oot is tapering both ways with 
a swollen middle from which thin branches may bo given 
off. It may bo seen in the common Four clock (Krishna- 
Kali) plant, Punarnaba (Boerkaavia repenf)^ Aconite, 
Palang or Spinach etc. The napiform root, as in 
the Beet or Turnip, has a very wide and swollen upper 
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portion, the lower end being drawn out like an oi-dinary 
long root. A 



Fi*/. 3H. Napifoim ioot of 31. Ksis^^iculalr n>oi of 

Tuinip. tiatamuli 

All the three forms are soft, fleshy, and succulent, not 
hard and wiry like ordinary roots. This is because these 
roots belong to a certain class of plants, called biennials, 
which convert their underground pirts into store-houses 
of food matter. Biennials, well-known examples of which 

aio the various roots used as vegetables, carrot, beet, radish, 

* 

sweet-potato, sank-aloo and turnip, develop dui'ing the first 
year a very short stem with a crowd of leaves, and often a 
fleshy tap root in which food is stored. In cold climates in 
the second year nn erect leafy .stem beari;)g flowers is 
constructed at the expense of the food-materials stored up 
in the thickened roots ; fruits are produced from the tlower.s, 
and after the ripening of the seeds, the whole plant dies down 
together with the exhausted roots. Such plants are termed 
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biennials because they live and complete their life-work in 
two years or seasons. But in warm climates, such as in the 
plains of India, they are annuals, and the food stored up in 
the roots in the early part of their growth are used up 
jlater fat the growth of flowers and fruits. Hence cultivators 
take care to harvest them for the market before they run 
to flower. 

Other plants, called perennials^ (p. 30) live from yd&r to 
year, and have usually a duster of fleshy roots. For 
instance, the Satamuli (Asparagus) has a cluster or fascicle of 
fusiform roots (fig. 34), hence called fasciculate ; in Dahlia 
the roots are tuberous^'^f in certain gmsses they are nodulose 
(with small swellings), in others mmiliform (with a chain 
of small beaddike swellings); and so on. 

Growth of roots.— 'Koots branch in u fairly regular order. The 
youngest branch is nearest the tip of the main root while the older 
ones arise farther and further away. The lateral roots are therefore 
said to arise in Acrqf^tal succession• One important character 
concerning the origin of lateral roots is that they first arise inside 
the tissues of the main root^ and then push their way through the rind 
of the latter. They are hence said to be Endogenous (arising within) 
in origin. Above and below each young lateral root ths surface of 
the mother root vriU be found to be slightly splits denoting that the 
former B&s ruptured the latter as it forces its way outwards. This is 
not the way in which branches are formed on the stem, 8tem>branches 
arise from'the tissues of the mother-stem and are hence said to 
be ^cogenous (growing outside) iu origin. 

Special forms of roots.—The great majority of plants 
are land planti, i.e., they are fixed to the earth by means 
of roots. The two main functions of subUrraruan rootsf* or 

^' A ' 

the roots of land plants are : (l) to fix the plant to the soili 
and (2) to absorb water alid other food mattere from it. 
In the ease of biennials and perennials the roots have an 
additional function, vis., that of stoi'age of reserve food. But 
thfire ftre other plants which differ in their mode of life from 
laud plants.' These have certain special kinds of roots,— 
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Fig. 35. "riic I5ariv-Paii,a —Pisiia Strafiotes, 
showing the lloating ilovioe. 1, I, thoKooHip; 2,2, 
the Root-hairs. 
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AERIAL ROOTS 

1. Aquatic or floating roots may be seen in the com¬ 

mon Pistia (Bara pana)i the Water-hyacinth (tOchornia 
crassipes), and other floating plants of ponds and ditches. 

They arise in clusters of longi white, delicate threads from 

the lower part of the stem, and spread out in all directions 
in the water. They thus prevent the plant from toppling 
ove^ ill strong current and wind, and act like a buoy. 
They do not penetrate into the soil and so do not perform 

the rough work of an ordinary root. A root-cap at the tip 

is thus unnecessary and is often not formed. Often they 

have no root-hairs but a copious branch system, and the 

* 

work of absorption is done by all parts of the surface. 

2. Aerial roots, or roots hanging in the air and not 
attached to the ground, are found in certain perching planh 
or air-plants, called epiphytes. These are plants which rest 
on the boughs of trees to the bark of which they bind 
themselves by certain roots and produce other roots, called 
aerial roots, which simply hang in the air. There are many 
Orchids and Avoids ( Philodendron) which are epiphytes. 
The commonest instance is the Orchid Vanda (Rssna) found 
hanging from the boughs of many trees. The epiphytes 
have mostly to depend lor their food upon the air, and 
the hanging roots can absorb the water-vapour from the 
atmosphere. These aerial roots have no root-hairs, nor root 
cap, are generally unbranched, and most remarkable of all, 
are commonly greenish like stems. 

The term aerial root is often generally used for all roots which 
spring in the air, «.y., the hanging roots of the Banyan which later 
on descend to the earth and form prop roots. Bnt it is better to restrict 
the nse of the term to the banging roots of epiphytes. 

3. Parasitic roots are found in parasites. These aro 
plants which live and feed upon the iuioe of other plants 
by driving peculiar sucking roots into the latter. The 
nourishing or host plant is thus deprived of its own food 
and may be killed by the parasite. Thus the twiner Cuseuta 
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(th« Dodder—Alkooshy-lata or Swarnalata), found oxten- 
aively in thickets and hedges* has no leaves biU only a 
yellow wiry stem which twines round the stems of other 
plants. Here and there the two stems are joined by a 
tissue which proceeds as a small swelling from the parasite 
and peneti'idies into the intei’ior of the host plant. This 
tissue is the root of the parasite by means of which it 
absorbs all the food matter that it requires from the host. 
Parasitic roots (often called haustoria) are very soft and 
.simple in structure, and are not at all root-like in appear¬ 
ance, for they only exist in the interior of other plsiits. 

The Sandalwood tree {Santalum album) is a curious 
instance of a rooi-parnsite. The tree has roots of its own 
in the ground, but when they come into contact with 
the roots of other plants, they attack them and suck food 
from them. 

4. Clinging or climbing roots are found in« root- 
climbert. For instance, the Betel (Pan) plant, as cultivated, 
is trained on sticks or poles to which the stem binds itself 
by litlift adventitious roots issuing from the joints. So 
also in the Pepper-vine (Qolraurioh), the Gaj-pippul 
{Scindapsu$ officinalis), and the large climbing Aroids 
(Kachoo family) found on trees. 

SUMMARY. 

The Root is an organ which serves to fix the plant to the soil and to 
absorb food mA;tere from it, and is distinguished fn^m the shoot in not 
bearing any leaves. 

The first root of a plant is the primary root ; its branches are secon¬ 
dary roots. In Dicots the primary root forms generally a large and 
thick tap root with many branches. In Monocots it soon perishes and 
is replaced by a system of roots which arise not Irom the primary root 
but from the lower part of the stem. 6ucb roots are termed adventitioos 
roots. They may be induced to grow in many Dicot plants also, B. o , 
fiom cuttings or fiom stems tiailing on a moist soil, 
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In typical tap roots four partfl may be easily dietingaiabed. These 
are: [1] the root cap which protects the tip of the root, [2*] the root- 
hairs behind the growing tip, which absorbs moisture and food from the 
soil, [^3 the root-branohes arising further away, which serve to fasten 
the root more firmly, and [4] the oldest part which thickens and 
supports the trunk of the tree. 

Kinds ol root-—As there are several kinds of plants, such as land 
plants, water plants, climbing plants, and so on, so there are difiercmt 
kind^of roots. 

1* Sstemmsos rOGis or those of land plants have ordinaiily 
the four parts mentioned above. Dicot trees have an enormous tap root 
with many branch roots; Monooot trees, [Palms and Bamboos} have 
stiff adventitioBS roots arising in circles from the lower part of the stem. 
Dicot annuals have generally a short tap root with branches, Monocot 
annuals have always fibrous roots. Biennial and perennials have 
thickened and fleshy roots, [conical, fusiform, napifonn, fasciculate, 
tubciottlar, etc.] in which large quantities of food matter are reserved. 

2. or floating roots aie thin, delicate, and serve to keep 
the plant afloat. They have no root-cap, and root-hairs are more or less 
suppressed. 

3. ^Aerld rvots of certain epiphytes are unbranebed, cylindri¬ 
cal roots which bang in the air and absorb nourishment from it. They 
have no root-haira. 

4. Clinging or climbing roots of ceitain climbers are Soots 

which bind the plant to a support. They have no root hajrs. 

5. Parasitic roois^ or haustoria, are very tender cellular organs 
which peneUate the tissue of the host plant and feed upon its juice. 

QUESTIONS. 

1. What is a root and what are its typical pans V Desenbehow the 
loot is adapted to perform its functions. 

2. What are ; prop root, adventitious root, fasciculate root, haus¬ 
toria, perennials, stilt root, aerial root, epiphytes, biennials, parasites, 
and annuals ? Describe their function. Give Indian examples. 

3. Describe the root system of ; Bamboo, the Indian Banyan, Betel, 
Badish, Mustard, Bice plant, Sugar-cane, Asparagus, Dahlia, Orchids, 
and the Soi^w pine. 

4. Distinguish between the root systems of Dioots and Monocots 
generally. 

5. Show how the form of the root is modified according to the func¬ 
tion it has to peiiorm. 



CHAPTER 111 

THE SHOOT. 


Just as the mdicle groivs down into the root* ao the 
plumule grows up into the shoot. The root grows down¬ 
wards into the earth and avoids light, while the shoot grows 
upwards into light and air, and bears green leaves and also, 
after a time, flowers and fruits. An ordinary'shoot consists 
of (1) the axis or thejite^i^ (2) the loaves, and (3) the bud 
at the apex which continues the growth. 

The shoot which springs directly from the plumule is the 
primary shoot ; its branches are secondary or lateral shoots. 
The points from which leaves arise on the stem are termed 
nodes ; the portion of the stem betw’een two nodes is called at! 
iniernode. A stem is made up of intornodes. Tbe bud at the 
apex of the primary stem is, in some cases (Palms), often the 
only bud which elongates the plant ; if this is cut off the 
whole plant dies. In most plants, however, besides the apical 
bud other buds are formed at the axils of the leaves, 
i.e., at the angle between the base of the leaf and the 
stem. These buds (called axillary buds) develop into 
branoh-.shoots. 

Herbs, shrubs, and trees are readily distinguisbed. 
Trees are large woody plants the lower branches of which die 
off leaving a clear trunk, and live for many years. Shrubs 
are smaller woody plants which have no clear trunk but 
numerous branches arising from near tbe ground, and are 
hence of a bushy nature. Hedge'plants, such as Java (the 
shoe-flower) and Menthi (Henna— Lawsonia innermis) are 
typical shrubs. Herbs are smaller and softer plants, not 
hard and woody, and do not live long. Some like 
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the Banana are large and tree-like, bat do not live for 
more than a couple of years. According to their duration of 
life, herbs may be annunU (Mustard. Rice, Pulses), htenniah 
(Carrot, Radish, see p. 23), or pereim»aZ« (Banana). 




Annual herbs are those 
which geiminate, grow, and 
conclude their flowering and 
fruiting within the coarse of 
a year, and after the ripening 
of their seeds, die away. Some 
annuals are very small, no 
bigger than a couple of inches, 
and live only for a couple oi 
months. These are seen in 

a 

meadows amongst the grasses. 
Others' are very large and tree¬ 
like, such as the Castor-oil 
plant which lives for eight to 
ten months and then dies. 
Biennials (p. 23) are plants 
which icqnirc two years to 
complete their life. In the 
first season the seed germinates, 
produces the root' and a small 
shoot, and stores up food 
matter; iji the next season 
of the following year the food 
is used up in building a flower- 
and fruit-boariug shoot, and 
after the seeds are ripened 
the plant dies away. The food 
is stored in swollen foots 
or stems. I ho shoot of the first season has a short stem 
and large crowded leaves, while that produced in the next 



Fig, 36. The Cenlnry plant 
Agava Amencana, 
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season is a long flovirering shoot almost without leaves. 
Perennial herbs live from year to year, the aerial shoot 
dies down periodically, and new shooto are formed evoiy 
year from underground parts. The Banana is a perennial . 
It requires two' years to form its flowers and fruit, and 
then it withers, but a number of young plants crowd around 
it by this time. The whole plant does not die, for a part 
of it remains buried in the ground, lives and growB~lfr it, 
and every year throws up aerial shoots which produce 
the ohai'acteristic large leaves, flowers, and fruits. Other 

V 4 , - , 

examples of perennial herbs are: the Water-lily, Lotus, 
Kachoo, etc. 


In no plant is the stem developed uniformly from the 
base to the apex. Thus, in the common grass we find a 
brown stem trailing on the ground, from which springs u 
green aerial leafy stem and this terminates in the minute 
flowers so characteristic of grasses. Similarly if we dig 
up the Banana, the Ganna, or the Ginger plant, we observe 
that the part of the plant which lies buried in the earth 
is thick and almost root-like, but up above it develops 
into a green leafy shoot which in time produces flowers 
at the top. In fact in many herbs wo can readily distin¬ 
guish three parts of the shoot, three stories so to say, 
following one upon the other :— 

i (l) The underground fhoot buried in the soil. 

(5!}^The aerial leafy shoot bearing green leaves, and 
(3) Ttee flowering shoot bearing flowers. 

- .. In tlees^and large woody plants the underground shoot 
is noV'“rejjognisable, but in' herbs it is often the most 
important and pvpminent part. In some herbs, such «s 
the Bbo^champa (Bbumi-ebampaka— Kem^ftiSa 

ro/uii^3)^.'^ritakwtnari {Ahe), and Rajanigandha {Peidiflaf$h4t5 
tuberosa), the leaves are arranged in whorls (qalled. 
rgsettes) on the giound, aiid an aerial stem is skH; seen. 
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Such stemless plauta are termed aca uUscent {a »not, eauUs 
= stem), and the leaves are colled raS^di since they appear 
to arise from the root. In reality they spring f|t>m the 
underground shoot'. But though an aerial leafy stem is 
not formed, a long flowering shoot is produced at the time 
of flowering. Such a flowering shoot.is term ed a jccip *. The 
Pine-apple plant and the" "American Aloe (the Century 
plant— j4gave atnericana—Rg. 36) are other examples. The 
latter is a stout shrub which grow's very slowly. It 
requires from 15 to 20 years or more until it is fully 
grown, and then very rapidly a lofty scape with 
hundreds of flowers is produced. After the seeds are ripe 
the whole plant dies away, but not before a crop of sm^ 
rosettes is formed from the underground part around the 
base of the parent plant. 

The underground or subterranean shoot is also called 
the leaf-scale region of the plant, because it bears scale-leaves 
and not ordinary green leaves. It is often thick and succulent 
as it acts as the storehouse of reserve food matters. These 
are manufactured mainly during the summer by the green 
leaves of the aerial stem, and are then conducted down into 
the underground shoot. Here they jemain quietly .deposit¬ 
ed during the winter, and afe spent next spring to 
build up new aerial shoots. The underground shoot 



*8 winetimes root-like in appearance, but is easily disf in* 
guisfaed from its nodes and internodeSi scale-leaves with 
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buds in their axils, and from the absence of a root cap at 
the (trowing apex. The following are some of the important 
modified forms. 

1. The xhixome is An elongated root-like anderground 
stem with distinct nodes and internodes, and small soale- 
leaver (fig. 37.) Ginger and turmeric, as we use them, are 

m 

rhizomes ; so too are the underground fleshy portion of* the 
Mankacboo (Ahcasia indxca) and the Banana plants. The 
rhizome lies buried in the ground, more or less horizontally, 
and is often very thick as it stores nutritive matter. 
Slender and creeping rhizomes may be seen in many grasses. 
Ferns, and in the common Shoosny-sbak {Marsilia). The 
scale leaves with their buds may be easily seen in young and 
fresh Ginger (fig. 37). 



Fig. 38. A Rhizome [diagrammatic] showing at B the scai of tlic 
previous years’ shoots, at A the new shoot of the year. 

2. The tuber is another form of underground shoot. It 
has a short, swollen, and fleshy stem with minute scale- 
leaves. The potato is a tuber. On its surface there are 
several ‘eyes’ or buds regularly arranged in little pita alopg 
the sides. The buds are protected by thin membranous 
scales which can be easily seen in young potatoes. The fleshy 
stem stores food matter at the expense of whiSh the bucb 
grow up into leafy sprouts. In cultivation the potato* 
tuber is out up and small pieces with the 'eyes* are 
sown. In time the buds grow up into plants. When the 
plant is vreli developed, tubers are formed from the 
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Fig. 39. The Water-Lily — Shalook —Nymphaea Lotus, 
showing the stem which is a short thick rhizome with roots 
coming out from the joints. 
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ends ol anderin^nd branohes (stobns, p. 36) tifi shovn in 
fig. 40. Tubera are alio formed in certain other herbs, such 



Fig. 40. The Potato plant with tubers. 

as the Araada (Curcuma Amada —the Mango-ginger)) Bhooi- 
cbampa (p. 30)> Hansraj (HedycMum eoronarium), etc. 

The term 'Huber ** is eBpecially applied to a stem-tuber which must 
be distinguished from a boot-tubbu (see p. 24). A stem-tuber differs 
from M K)ot-tuber in having ' eyes ’ or buds on its surfacer 

The bulb is another form of underground shoot. It is a 
large suhtetranean bud. It consists of a Bmall>' fiat, diso-like, 
or slightly conical stem from the upper surface of which arise 
large fleshy, scale-leaves overlapping each other. In the rhi- 
?ome and the tuber the stem is fleshy while the leaves are 
insignificant scalee, but in the bulb the stem is very short 
while the scales are fleshy and store food matter.’ The short 
diso-like stem of the bulb is entirely covered by the scale 
leaves. So that the growing tip is not visible* but from the 
3 ■ 
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lower surface of the stem-plate numerous adventitious roots 
are formed. The Ouiou aud the Garlic are oommmi examples. 

Bulbs are either: ( 1 ) sca¬ 
ly (fig. 43) where the 
scale-leaves only partially 
overlap at 'the margins 
((iarlio), or (2) tunica¬ 
te!), where they form cfbin- 
pleto sheathes, one inside 
the other (Onion). Other 
examples of bl^hs are the 
Glory-lily {Gloriossa), the 
Spider-lily {Hymtnocailxs), 
the Sukha-darshaii-lily 
(Ckinum), the Raianigan- 
dha (Folyanthes tuherosa). 

The corm is a large, 
thick, roundish under¬ 
ground stem with only a 
few scale loaves. It may be 

Fig. 41. Bulb of Onion cut to regarded as a condensed 
show the scale leaves, rhizome bearing buds and 

scale 'leaves at one part, either at the flattened top or at the 
side, and a crowd of adventit'ous roots at the bottom. The 
common 01 (Amorphophallus campanulatus) is a good example. 

The aerial shoot is characterised by green leaves on Us 
stem and usually terminates in flowers. The 
or that which only bears green leaves, is, as a rule, erect, bat 
certain small plants are too weak to keep their stem erect. 
These may be either prostrate and gkbbpino, that is, lying 
or trailing at length on the ground and rooting at the nodes, 
or CLiMttiNO. Erect stems are of various foi-ms: delicate or 
HBRBACBOUB in herbs; thick, hard, and woody in trees and 
shrubs. The term cijljn is a];)|)lied to the prcuHar eloaejointed 
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stem of Grasses and Bamboos. The internodes of a culm are 
commonly hollow. The thick, unbrahched, columnar trunk of 

Palms, marked by the scars 
of fallen leaves, is termed 
a caudex. Dicot trees 
have, as a rule, a much- 
branched trnnk. 'W^hen 
the main trunk is undivi¬ 
ded, long and mMt-Iike, 
and the lateral branches 
ai'O smaller and smaller the 
higher they arise on tbe main stem, so that the plant looks 
conical, it is said to be BXCUSRENT. When, however, 
the main trunk soon divides, and the branch-trunks also 
constantly divide, so that' the plant has a dome-shaped or 
rounded appearance, tbe ultimate branches or twigs hanging 
down, it is said to be deliquescent. The following are 
some of the common forms of weak stems.— 


43. 
A coriu» 


Fig. 43. Scaly 
bulb. 


The sucker is a shoot which first arises as a branch from 
the underground stem of a plant, and then gradually comes 
out into the air a short distance from the parent plant. It 
then grows straight up, forms its own roots and green leaves, 
and lives like an independent plant, while the parent plant 
dies down. A common example is tbe Chrysanthemums 
(Chandra-mallika). These plants flower in winter after 
which the main stem begins to wither. By the next spring 
a crop of small plants with a crowd of leaves is formed 
around tbe main stem. They arise from the portion of the 
plant buried in the soil, from the buds in the axils of the 
scale leaves, thrive and spread on all sides all through the 
rains while the parent dries up or rots away, rapidly elon¬ 
gate and then produce flowers again in the next winter. 
Another good example of suckers is the Bose. 

The stolon is another form of branch shoot. It arises 
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the lower piart of the aerial stem, from neftr the grourtd. 
It does not grow upwards into an erect shoot but bends 

Fig 44 Fig. 46. Fig. 46 



Fig. 44. A tincker [a]. Fig. 46. Offsets [a]. Fig. 46. Thorn a,a, 
buds of which the upper one has developed a shoot; b, scar left by 
the subtending leaf. 


down, touching the ground with its free tip, and striking 
root from below produces an erect shoot. The arched 
portion, or that connecting the parent and the daughter 
shoot, in time rots away and the two separate. The follow¬ 
ing arc special forms of the stolon. 



Fin. 47. Fig 48. 

The Ivham-aloo [DioscorcaJ Thorn of Pani-amla. 

The runner is a very slender stolon with long, bare, thin 
inteViiodes, which does not generally live long but perishes 
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in tb« course o{ a year. The common PTalmishak (fpomoea 
repians) and the Amrool'sbak (OtoKs eornieuhta), for instatice, 
rapidly spread themselyes in all directions by means of 
runners. They first arise in spring from the axiis of leaves 
of the parent, bend down and trail along the groun d, and 
produce small- scale leaves at wide intervals, from the axils 
of which are produced erect leafy shoots, while the nodes 
put out fibrous adventitious roots. 

The offset is a thick and stout stolon. Its free tip 
turns up and produces a rosette of leaves above aiid a 
cluster of roots below (fig. 46). Many water-plants, such 
as the Para (iHstia), the Water-hyacinth (hiehomia) 
the ValHsnurid tic., muLiply very rapidly by offsets. 



Fig. 41t. The Torolata— Fig. 60, The Moon-flower— 

Quamoclit pinnata, Poi]—a twiner. Jpomcea bona-nvx —a twiner 

Climbing plants have relatively a thin main stem which 
is not rigid enough to remain erect and bear the weight of 
its branches and foliage. Most of the large jungle climbers 
are hard and woody, but their stem is only Flexibli like a 
cable, and not like the trunk of trees. The reason why 
they climb is that like all plants they must have plenty of 
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air and light, and since their stem is not strong enough to 
remain upright, they manage by various means to climb 
over the tops of other trees, and thus secure for themselves 
the most advantageous position as regards air and light. 
The seedling of a climber growing at the foot of a tree has 
at fimt a thin long stem with only a few small leaves at 
great intervals, and it is not until the roof of the tree is 
reached that a crop of branches and large leaves is unfblded, 
so that the whole weight is borne by the sheltering tree 
Climbers may be.— 



Fig. 51. The Lau —Lagennna Fig, 52. The Dundul— Luf/a 

vulgaris —a '.cndril-cUmbtr. asgyptiaca —a teadrii-climboi. 

1. TWINERS. Twining plants have long slender stems 
which move slowly in the air ami twine themselves round 
Upright supports. Their tips, bare of leaves for a great 
length, may be seen nodding in the air, and if watched for 
several hours, may be observed to make a very slow sweep¬ 
ing movement through the air, Common examples are the 
Morning-glory, the Moon-flower, and other IportKeas^ the 
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Bean, the Apar^fita {CUtoria iernaUa), etc. Twiners may 
be : (1) DBXTRORSS, or those making clock-wise movement, 
from left to right {Dvoscona alata —kham-aloo), or more 
commonly, (2) stMiSTRORSB, or winding anti-clockwise, from 
right to left ( Ipomceas). Fig. 50. / 

2. ROOT OLIMBERS—(see p. 26). 

■3. Tendril climbers. These are plants which produce 
certain special twitiing organs called tendrils (p. 40). 
These are long, slender, whip-like bodies which slowly 
move through the air, and when a solid object, j a 
twig, say, is found in the way, it is grasped (fig. 62) by 
coils thrown round it. Later on, the free part of the 
tendril lying between the climber and the support twists 
itself cork-screw fashion, or jiko a spring, and thus the 
plant is dragged towards the support to ensure safety. 

4. Stragglers or scramblers. These are climbers 
which ascend by simply stretching their growing tips 
through the forks and openings of the vegetation near¬ 
by. Their long slender shoots pierce the thickets and 
reaching the upper sun-lit area begin to spread out the 
branches and leaves, so that a slipping or sliding back 
is prevented. Commonly thorns, prickles, hooks, ahd 
similar organa are profusely developed, and these afford 
a furtkor safe anchorage. The common Kaiftiali-champa 
(Artabsir^s odoratissima) is such a straggler with large 
beaked books (fig 66). The slender herb Lata-phatki 
(Naphatki —Vardinspermum Halicacabum) is another instance 
of a HOOK-OLTMBER. Examples of sti'agglers with thorns or 
prickles are the common'Sheakool {Zizyphus napeca, Wild), the 
large Bougainvilleas (Bhuban-bilasy or Bagan-bilasy lata), 
the climbing Hoses, and the Cane-palms of the Malaccas. 

Modified Shoots —In some cases shoots or branches 
are greatly modified in shape and structure to perform 
certain special fimctione. The klhwinf aie ipstai.ces.— 
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U The tKom (fig8> 46, 48) is a hard, woody, poiiiited 
ohiect which acts aa a weapon of defence. It is a’greatly 
suppressed and undeveloped branch* Examples:—the Bael 
(Bilwa— M^Jrmehs), the Wood-apple (Elephant-apple— 
Rath-bel—/^sron/a Ii^ephant 1 um)^ the Pomegranate (Dalim), 
the Karamoha (C'orism carandas), 

ThoiOB (also called stem-thorna) mnet be diatinguisbed from other 
similar pointed .stractures called spines and prickles. Thoms are 
modified or undeveloped branches, and so are found in the axils of 
leaves or at the tip of a branch. They may be simple (Wood^apple), 
or branched (Hael). In Cymnosporia Montana (BArKUL, Hind), 
a shrub of dry regions, the thorns an- large and even l>ear leaves and 
flowers* Spines (p. Ofl) are modified leaves or parts of leaves. For 
instance, the leaves of the common Jujube (Kool—Bayer— Zuyphus 
jujiAa) have two small pointed bodies at their base ; these are spines 
(atipolary spines, see p. 51), being parts of the leaf. Prickles are 
hard pointed borlies which arise irregularly from the surface of stem 
or leaves. They are neither modified stems nor modified leaves. They 
may be seen on the surface of the Bose (fig. 5.H), or the Brlnjal plant. 

2« The tendril is a long, filamentous, whip-like body 
which can twine round a support and thus help a plant 



Pig. 63. Stem of kosp. Fig Ooccoioba Fig. 66 Ffatteneti stem, 
showing prickles (h) (olmiode) of Opnntia. 

to climb. Stem-tendrils, or tendrillar shoots, which must 

be distinguished from leaf-tendrils (p. 66). may be Been 

in all plants of the Cucumber family (Cucumber, Courd, 
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Pumpkin, and arise either in the axil of a leaf, or 

very near its base. The simplest ease is seen iu the Passion¬ 
flower (Jhoomko-lata) where they arise dUtinotly in the 
leaPaxils. in the Cucumber family the tendrils are often 
branched and stand just opposite the leaves. This is because 
they really represent the terminal part of a shoot which, 
being modified into a weak tendril, is pushed aside by the 
stronger bmnch developing from the axil of the leaf <p. 46). 



Fig 66, The Kantali- 
chaoipa (ArtalxMrys odora- 
tissima) —flower-stalk with 

a hook. 


Fig, 67. The Pea—a tendril climber. 

All tendrils are peculiarly sensitive to contact. If rubbed by the 
hard surface of a suitable support the tendril curves and throws a coil 
round the latter. At hrst this is loose but further rubbing tightens the 
grasp and fresh coils are formed, 8o long as the teodril is young, its 
tip slowly moves in circtes in the air till a support is reached, Failiz^; 
to get one, the old tendril merely rolls op and withers away. 

S(a) 
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The cladode or phylloclade is a flat leaMike stem which 
assutnea the functions of the (;reen leaf. The common 
Phani-monsa (Nag-phani —Opuntix Dilleni) is made up of 
thick> flattened stems or cladodesi while the leaves are entirely 
modified into spines (fig. 55.) The aquatic Pana, known as 
the Duck wood (Lamna —Chota-pana), has only a slender 

t 

Kig, 58 Fig. 69. Fig. 60. Fig. 61. 



Shoot of ('ladoile Teiminal Section througli 

Aflparagus of Lcmna and axillary buds a bud. 

shaft immersed and a flat, green, floating structure which 
is really the whole shoot of the plant modified into a cladode 
(fig. B9). 

Many plants of the Mansa and rihii family (the sparger—Euphorbia) 
produce a thick and fissby stem and very much reduced leaves which 
may either fall off early, or are converted into spines. In such cases 
the stem acts like the leaf. The garden plant Cocooloba platydada 
(6g, 54} has flattened ]ointed stems or cladodcs, and small leaves which 
remain for a short period only. In the Asparagus of the gardens the 
main stem and branches are elongated, but the leaves are reduced to 
mere spines (s, fig. 58) from the axils of which arise green ncedledike 
branches. These are cladodes. 

Buds are undeveloped shoots. The first bud of a seedling is 
the plumule; it gradually elongates and fgrms the shoot. The 
growth in length of a plant takes place plainly at the ape^, 
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At the very tip of the stem the internodes have not yet elon* 
gated) the young leavesi which are in course of development, 
are crowded together and closely overlap the growing apex. 
This compact structure is the terminal bud (figs. 60,61), 
Fig. 63 gives a magnified view of such a bud cut lengthwise. 
The very apex of the shoot terminates in a conical bulging 



titioue shoots. 


below which are the rudimentary leaves. The latter first 
appear as small conical protuberances, and become larger and 
larger the further removed they are from the apex. As the 
leaves grow more rap’dly than the axis or the stem, they 
envelop the more rudimentary leaves higher up and, over¬ 
arching the extreme tip, form a bud. 

A bud, chen, is a rudimentary shoot consisting of a small 
axis or rudimentary stem the internodes of which are not 
yet elongated, and numerous ludimentary leaves which are 
closely crowded and overlap the apex. 

Brnnefaes of the main stem also make their first appear¬ 
ance as buds. These arise in the ami of the leaves, and may 
be traced back even in the bod. Fig. 63 shows the i-udi- 
me nts of branch-shoots .lust appearing in the axils of the 
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youug leaves as small bulgings. These are the rodimeBts of 
axillary or lateral buds. As the lower leaves of a bud uq- 
fold and the internodes develop, these axillary bulgings 
grow up into axillary buds (fig. 60. a), and in tkne elon¬ 
gate and produce branches. 

The tip of the ehool, as has been seen, is naked, and not protMted by 
a cap in roots. Leaves and branches, so characteristic of the shoot 
also make their appearance as small out-giowbhs from the surface of the 
yonng axis, t.e., they have an external or Exogenous origin (cf. branch 
roots, p. 24). 

The terminal bud elongates a plant, the axillary buds produce the 
branches, and these are the Normal buds of a plant, so called because 
they arise in regular order, in predetermined ^positions on the young 
parts of a plant. Sometimes, however, the axillary buds develop long 
after the subtending leaves have fallen away from the old and thickc" 
parts of the stem. Such buds are called Dormant buck. 

In contrast to normal buds are those which are formed not in the axil 
of leaves, or at the tip of the stem, but irregularly from the okl or young 
portions of the shoot. These are AdifentHims buds so called because 
they arc formed out of the proper order. A common example is the 
pathurkuchi (Bryophyllum). The leaves of this plant are thick and 
ju'cy, and have marginal notches (fig. 62), If a leaf is placed covered 
with 'earth lor several days, small plants appear at the notches. These 
leaf shoots are formed from adventitious buds. 

In some plants buds appear more or less green and 
rapidly develop into a sboot. This may be observed in all 
rapidly growing annuals. Such buds are called naked, as 
opposed to those which open out only in spring and pass 
through a resting period in the winter or the dry season. Such 
buds are protected by brown or hairy scale-loaves and are 
hence called scaly buds ; e. g. Bamboo, Magnolias, Banyans. 

Branching in higher plants is always MONOPODIAL 
{MONa=one, PODOS=leg), i. a main axis gives rise to 
lateral branches from which, in turn, other branches are 
developed. This is best seen in such tall excurrent (p. 35) 
trees as Fines, Aureucarias, etc. 

In many Cryptogams, the main axis does not branch Laterally as 
in the monopodia! system, but splits its growing tip, as shown in fig. 



it 

65, from which the branobes develop in the toked manner.This is 
known as the ificltoloinous (di=»two» temnien=:ctit) type. The two forks 
may similarly divide at*tbe tip, or only one may divide, either alter¬ 
nately right and left, as in hg. 66, or only to the right or the left, 
as in fig. 67. The former is called a scorpioid or aig-sag dichotomy, 
and 'the latter a helicoid or coiled dichotomy. 

The monapodial branobing of higher plants may be either 

(1) EAOEMOSB. L axiBJJQfltijJUftlls: 

and tKo Uninofies gradually growing ajcroj^etally from below 
upwards) or (2) OTMOS^ i. e,, with the maiii axis soon arrested 

• ^ -'ll** “-■'t <»**v<^'*****»^MI"""^“* 

in growth while.the bratpehes outstrip it in growth. Figs. 68-71. 
Kxcurrent steins are racemosely branched, deliquescent stems 
or plants of a bushy nature branch in the cymose manner. 



l^'i^r. 65. Fig, 6(5, Fig, 67. 

Two special forms of cymose branching are easily distiuguished : — 

1. In the tiist, two or more lateral branches, arising below the 
terminal bud of the main axis, may develop more strongly than the main 
axis, so as to overtop it, and each branch may be again similarly 
branched, and so on. When there are only two such branches below 
each terminal bud, the branching looks like a dichotomy as in fig, 66, 
and is called Palse Dichotomy. It differs fiom the true dichotomy in 
having an arrested stem at the top of the two lateral branches. When 
there are several such branches, the branching is a false polytomy 
(poly = many), 

2. In the second type of cymose branching, only one lateral branch 
arises below the terminal bua, but so exceeds the main axis in develov»- 
ment that its apex is pushed to one side, while the branch itself seems 
ultimately to become a prolongation of the main axis. This form of 
branching is seen more commonly in the flowering portion of the shoot, 
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and la ahown diagTammatioally In figs. 68 to 7U The axis which la 
thus formed from the onion of branobes of difterent order, and 
looks like a monopodia] axis, is called a sympodium (aynsssnnited, 



Fig. 68. Fig 69. Fig. 70. Fig. 7K 

podos=?=leg). In many trees tlie terminal buds of each year's growth 
die, and the prolongation of the stem, in the following spring, Is 
continued by a strong lateral bud, so that m a few years the sympodial 
nature of the trunk is not recognisable, and it looks like a monopoiiium^ 
The tendrils of the Cucumber family a''c modified terminal shoots, while 
the axis of the plant is a sympodiv-m fonned by the strong branches 
which deTolop from the axil of the leaves and push aside the terminal 
tendrillar shoot (p. 40), '* 

SUMMARY. 

The Shoot, as distinguished from the root, is that part of the plant 
which grows upwards towards light and air, and has an unprotected 
growing point. Three regions of the shoot may be distinguished.— 

A. The undergroui.d shoot, or the Icaf-scalc region.—This remains 
buried and bears scale-leaves. The motlitied forms ar^— (A) The 
Muzome—s^ root-like elongated underground stem protlucing leafy 
shoots above anu roots below. Ex. Ginger, Turmeric, Waterhly, 

(B) The Tuber —a thick, fleshy, globose, underground stem with 
scaly buds on the surface Ex. Potato. 

(c) The large, fleshy, underground bud. Ex. Onion. 

(j>] The Cormsk large, fleshy, underground stem with a few scale 
leaves. Ex. 01. 

Rr'^The aerial foliage shoot or the rfgion of giecn leaves. It 
may be-— 
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1. Erect .—Special forma are— 

(A) The Cmdex-^thQ pecaliar an branched trunk of Palms. 

(B) The Ck/m—the jointed stem of Bamboos and Orassea with 
hollow internodea. 

( 0 ) Excurrmtt stem^an undivided mast-like main trank with 
branches arising acropetally so that the tree is a huge cone. 

(D) JMiquescM stem—a much-divided trunk with branches 
hanging down so that the tree is dome-shaped. 

2. CfiwWiri'—Climbers may be— 

(A) Twhicrs which twine the stems round supports—Bean. 

(B) TendrS-ClMfers which climb by tendril—Cucumber, 

(c) Rooi-Climbers which climb by clinging roots—Betel, 

(]>) Stragglers which anchor tbemeelves on hedges and thickets 
by hooks, thorns etc.—the climbing Hose. 

4 

(3) Prostrate or creeping^ the special forms of which are— "" 

(A) 5ucA'#r—a branch shoot originating underground and becoming 
aerial. £x. Chrysanthemum, 

(B) an aerial branch ^bioh bends down, strikes root, 
and forms an erect shoot at the eml. 

(c) Runner—^ long filiform stolon. Ex. Oxalis* 

(B) Offset^ ^ short thick stolon with a leaf-rosette at the apex. 

Ex. Pistis. 

The floral-shoot or the region of dowers, (See Ch. VI.) 

Some modified forms of the aerial shoot'lippa.— 

» 

1. Tendril (stem-tendril)—a slender, leafless, fllamentous body 
which coils round supports, Ex, Cucumber. 

2. a hard, sharp-pointed, undeveloped branch. Ex. Bilwa, 

3. Pf^lkfclade or cladode^-^ leaf-like flattened shoot. Ex. Opuntia, 
Lemna, 

[4. Flower —which is really a modified shoot,] 

Buds are undeveloped shoots. The first bud of the plant is the 
plumule. The bud consists of a rudimentary axis or stem with a naked 
tip, amt a few rudimentary leaves which overlap each other and cover 
the axis. Buds are,— 

A. Term^aly when at the tip of the stem, 

B. Axillary^ when in the axils of leaves. 

c. Nakedf when green and not covered by scale leaves, 
n. Scafyi wheu protected by brown or yellow scale-leaves, 
fi. DormanU when they remain undeveloped for years, 

P* AdwiUtious^ when they arise out of projper order. 



CHAPTER IV 

THE LEAF 

A topical green leaf coueists of three parts : (l) a flat 
expanded portion called the blade or lamina, (2) a leaf-stalk 
or petioU, and (3) the base of the leaf. In large leaves, 
such as those of palms, the leaf-base is large, expanded 
and boat-shaped. But in smaller leaves, such as those 
of many Dioots, the loaf-base is small and simple, and 
frequently bears two small outgrowths termed stipules. 
They may be easily seen in the common Cotton or the 
Bean plant standing one on each side of the petiole at its 
base. Leaves with stipules are called stipulate ; those 
withoirt stipules are esstipulate. The leaf-stalk or petiole 

Peltate leaves. 



Fig. 72. Fig. 73. Fig. 74. 

Leaf of Golocasia. Leaf of the garden NastnrtiaiB. Leaf Water-lily, 


is not present in all leaves. When it is mbsent, as in the 
Zinnia, the blade of the leaf sits (ihcectly bn the stem. 
Such a stalkless leaf is called sessile ; a leaf with a Stalk 
is petiolate. 
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The petiole serves to raise the leaf-blade and to hold 
it in the position best suited to get light. It also enables 
the blade to move freely so that it may not be torn by the 
wind. It is typically cylindrical, but a groove often runs 
on its upper surface making it slightly compressed and . 
chaiinoHed. This is very prominent in the large leaves 
of Palms. In most leaves it is prolonged into the blade of 
the leaf as the midrib dividing it into two equtd halves. 
In other leaves, as in those oi Fan-Palms, it branches in 
the lamina into several strong ribs A leaf with a single 
midrib is oallrd ; that with several ribs is multf- 

co*fafe (uni - one, multi — many, costx — ribs). As a rule the 
petiole is attached to the bottom of the lamina but in some 
loaves, as in those of the Ix)tu8, the Water-lily, and the 
garden Nasturtium (Tropteohm mpjus), it is attached to 
tbe back of the lamina. >Such loaves are called peltate (see 
figs. 72—74). 

Stipules are small leaf-like outgrowths from the base 
of the petiole. Commonly they stand one on each side 
of the petiole. As a rule they are much smaller than 
the ordinary foliage leaves, from which they are also 
distinguished by their lateral position at the base of l^e 
petiole. They are sometimes minute and scaly but when 
large, as in the Pea (fig. 77), they fi’equently look and 
act like leaves. In some plants they cover and protect 
the young leaf-buds and fall otT soon after the leaf unfolds. 
This may be seen in the Fig, the Jack, Magnolias and 
Cbalta (Dtikma) trees. Stipules that fall o9 at an early 
period are said to be deeiduoun, those that do not are 
parsittaid* The following are some of tbe special forme 
of stipulee. — 

(l) VRBB LATERAL stipules are the simplest an4 th^i 
most common form, as in the Cotton, Java (tbe Sho^ 
fiower). Bean and other plants. 
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(2) FOLIACEOUS stipules are large and leaf'like. They 
ai*e conamon in plants of the Pea family. In the common 
Pea (fig. 77) the two leaf-like bodies (a) which clasp the 

Fig, 76. Fig. 76. Fig. 77. Fig. 78 



Fig. 7.5. A (locni rent leaf, l<'ig. 76. Le.af of grass, (a) the ligule, 

(c) the node. Fig. 77. Leaf of I’ea with fohawoos stipules (a). 

Fig. 78, Leaf of Laihyrus aphaca with foliaceous stipules ami tcmiril. 

stem are stipules, while the leaf (b) to which they belong 
is partly modified into tendrils (c). In Mussor-chana 
{Laihyrus Jphaca) the leaf-blade is wanting, the petiole 
forms a tendril (fig. 78, b), and the stipules (s) alone are 
developed as large green leaf-like organs. 

(3) ADNATB stipules are those that adhere to the sides 
of the petiole and make it somewhat winged in appearance, 
as in the Rose (fig. 63,s). 

(0 intbrpetiolar stipules lie between the petioles 

1 

of two loaves standing opposite to each other at the same 
height on the stem, as in the Coffee plant, Rangan 
{licora cocciMo), Gandharaj (Gardtnia). They are sometimes 
targe, leaf like, and form with the leaves a whorl round 
the stem, «a in the Munjeet (KuWo cordifoUa). Fig. 79, 
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(6) OOHRBATK stipules (fig. 80) form a hollow tuboi 
called ochrea, surrounding the portion of the stem iust 
in front of the petiole, as in Pani*marioh (Polf/gonum 
• serrulatum). 



Fig. 79. Inlerpetiolar Blipulcs (8) between two leaves (L), 

(6) TENDRiLLAB stipules. Sometimes the stipules arc 
modified into long tendrils, as in the Sarsaparilla (Pmilas) 
family. 

(7) SPINOUS stipules may bo seen in Capparii fpinosa 
(Vern. Kabra), and in some plants of the Babla (Acacia) 
family. 

Stipules are rare in Monocots. The leaves of Monocots 
have commonly an expanded base which partly or wholly 



Fi«. 80. Leaf of Polygonum with ochrea (O). 

embraces the stem. In grasses the petiole is represented by 
a complete sheath rolled round the stem, and at the point 
where the lamina bends away from this tube there is a little 
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membranoiui or hairy scale termed the JiguU (fig, 76* a). 

The grass leaf is hence called ligulaU. The ligule prefyents 

rain water or dew from collecting in the sheath of leafj. 

and thus protects the delicate stem from rotting. 

In a few Dicot plants, as in those of the Carrot and Anjsi family, 
and in Kalajira (Nigtlla saiioa), the base of llie petiole is sheathing 
or enlarged as in Monocots generally. 


The leaf-blade or the lamina is of the utmost 
importance to the plant, for it is here th^ foodL, mat ters are 
prepared.^ It consists piincipally of two tissues : (l) .aLjpft 
green tissue (called chlorenchyma) which prepares fpod 
matters, and (2) a system of strands, known as the vHns 0 r 

nerves which appear to spread in the lamina like tiny 

' * ^ 

thi-eads. The latter proiect more or less from the surface, 
specially on the lower side, where they often stand out as 
long white strands. When a loaf is crushed between the 
fingers the soft green tissue is easily destroyed but the veins 
remain as fine threads. The veins consist of long tubes 
through which water and other food matters travel. They 
appear very distinctly when a thin leaf is held up to light. 
It may then be seen that they proceed from the petiole or 
from the midrib, and by constant branching spread in every 
direction in the lamina. Their ramification is best seen in 


1 

withered leaves of the sacred Banyan (Aswatha), the Teak, 
or the Bean. In such leaves only the delicate framework of 
veins remains while the soft green tissue rots away. 


The veins not only conduct food matters to and away 
from the leaf-blade but also help to make it rigid and fiat. 
They are so distributed and ramified in the lamina that it 
is not easy for the wind to tear it. The petiole also serves 
to prevent the fearing action of the wind, for the lamina can 
easily flutter And turn about with the slightest breeze. In 
some large leaves, as in those of the Banana and certain 
Palms, the famina is easily torn into strips by wind and rain, 
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or during growib, but after onoe torn they offer 
leas Fteiatence. 


VgnatiQn. or the arrangsiaeilt of the ygins in the 
is of two principal types. If we examine the leaf 
of a gra^s or of a bamboo we find ^e^ veins run ipari^lel 
to one another fr^ theto the apex. Thi%,aort of 
venation is aaid^ to be pcrnlkl, and the leaf is described as 
paraihrvfftned. This is the type in almost all MonoootSe But 
Dicot plants the veins are not parallel. They forng.j|^ 

«» “ay >e 8®e" ,.«», t^: ;ieayefl"of the 
sacred Banyan. Hence the. venation is said te he,refi.(a«^ 
and tho leaf is descri bed as net'vein^d. *' 

Kinds of parallel venation—Iii tho leaves of many 
Monocots, as in those of Banana, Canna, Ginger and Lilies^ 
there is a strong niidrib continhous with the petiole, and the 
smaller veins, run parallel from the midrib to the margio. on 
either $ide. T his is t he the leaves of 

Qth ^t' Monocots, as in Gras s, Bamboo, Sugarcane and 
Cereals, t here is no single midrib but several, run parj;^; 
el from the base to the. apex,; they are connect^ to each 
other cross-wise by numerous small veins. In Fan-Palms, 
oti the other hand, numerous strong ribs spread away from 
the top of the petiole like the fingers of an outstretched 
palm, and tho portions of tho lamina supported by these ribs 
are traversed by innumerable smaller veins running parallel 
to the ribs. This is the type. 

Kinds of reticulate venation.—In most net-veined 

loaves we can easily distinguish a midinb which continues 

< 

the leaf-stidk and divides the lamina into two symmetrical 
halves. Branches arise from this midrib .like plumes on 
fcbe^shaft of a^fcaa^r and thin out by repeat^ed branching 
^islit. ,.and left into the lamina giving rise to a net-wwl 
of weaker veins. This venation is said to be pinnate^ and 

' ' ' ' * ' « A"* ' > ,A, * 1 , r4 •> 

* fimwinBMMii I T— • ‘ r mu BMUkmveJ, In 
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broad aod large Dioot leaves, sacb oe ibose of the Cuo mnber i 
the Papaw, the Lotus, and the Castor oil plant, there is 

Fig. 81. Fig. 82. Fig. 83. Fig. 84. Fig. 86. 



Fig. 81. Unioostatc parallel venation. Pigs. 82, 88. Multicostatc 
parallel venation. Fig. 84, Reticnlatc venation—pinnate type; 
Fig. 86. Beticnlate venation—palmate tape. 


no single midrib, but the leaf-stalk divides nt onre in the 
lamina into three, five or more ribs which spread out like 
the “fingers of the palm. Each rib bears sido-rihs on both 
s'l3ei”VhTch by repeated branching form a net-work. This 
type is c alle^ a nd the leaf is described as pdlmately 

ugined or palmi-nerved. 

The form of the leaf-blade may be— 

1. Linear o r very narrow and long, of almost unifonn 
width, as shown in fig. 86, as i n grasses and th e ri ce plftnt. 

2. Lanceolate or lance-shaped (fig. 87) a long and 
narrow loaf tapering each end, especially towards the top, 
as in the JBambPD. 

3- Oblonq (fig. 88) or wide and long and blunt at the 
top. M in^thejfengp. 

Oval or elliptical, somewhat like an ellipse in 
outline, as in the IndiaioJBaRy.an^^ fig. 88. 

6. Ovate or egg-shaped, a wide leaf with oval base 
and narrow top, as in the Sa cred Bang^an ; fig. 89. 

6. CtomA.£i...ROTUND oi:„^und, tvsjn Jhe„„LctU8,_ 
%4^gardeu Nasturtium ; figs. 73,74,85. 



SESSILE LEAVES 
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Corpatb or besrt-shapedi a wide leaf with the 

-I fi inrr ^>*n<f 

base forming two lobes on the two sides of the petiole* 
as in the Betel, the Sunflower. 

. ^ . . V ..I .. , . . , 

FigB. 86, 87. Fig. 88. Fig. 89. Fig. 90. Fig. 91. Fig 92. 



8. RbnifOrm o r kidney-shaped, a cordate leaf rounded 
at the top and much wider than long, as shown in fig. Ill, 

9* as in Colooasja 

(Kachoo, fig. 72) . 

10. Hastate, a similar leaf but with lobes pointine 
outwards as shown in fig.,^.4. F. 

11. Ehomboidal or four-sided, as in the Water-chestnut 
(Pan-phal). 

'nwv wv. **»•■»•»• 

Fig. 93. Fig. 94. Pig. 96. 



Figfi, 93—95 Diagrams to illuBtrate kaf-oatline. A, spatulate ; B, 
oblanoeolate; C, obovate; D| obcordat«; sagittate; F, hastata ; 
0, oordate pvafce ; H, lanoeulate; 1, Bubalate ; J, reniform. 

12. CvNBATj^. OT wedge-shaped. 
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The outliae of some leaves is just the reverse of the 
above. Suoh leaves are named with the prefix oft* Thus 
the leaflets of the Amrool (Vxalis, fig. 113) w c^erselj 
cordate, the apex instead of the base being lobed, it is 
obaordaU. Similarly leaves may be oblanemlaie, dbonmUt o&oval, 
and so on. A subulate leaf is a small stiff awl-shaped leaf 
(fig. 93). A spatulate leaf is shaped like a spatula. A leaf 
is uns^/timeirical or inequilateral i,e., the two sides un¬ 
equal by the much greater development of one side, as 
shown in fig. 92. This is characteristic of Begonias. 

Sessile leaves have sometimes 
a broad cordate base, so that 
there are earlike lobes at the two 
sides of the stem (see fig. 80) 
Such auricuhte or eared leaves 
occur in the common Akanda 
(the Madar— Calotrepis gigantea). 
Sometimes a sessile leaf clasps 
the stem so as to surround it, 
as in the Poppy and the Rape. 
Such a leaf is called ampletticaul 
(fig. 96). A leaf is decurrent 
when the lamina ndberos to the 
stem and runs down it so as to 
make it wiriged for a short 
distance (fig. 75). A needle- 
shaped leaf, like that of Pines 
is acicular. 

The apex of a leaf may be (see fig. 97),.— 

1. Cuajuiate, or ending in a sharp rigid point (1). 

2. Mierwe^e, or ending in a narrow soft point (H). 

Se 01* ending in sharp acute angle (B)« 

ending in a long drawn oat tip (a). 
ft. Otoiv, or ending in a Wont angle to). 
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6. Tnacat*, or with a flat end, as if the apex is out off (d), 

7 Rau30, or with a slight depressioa over the midrib (B). 

• er* >*c» 

8. Emarginatti or with a large depressioa over the midrib (f), 
Oboordait, or with two large lubes at the top (a). 

10. TtndrBlar, or ending in a tendril, as in Gloriosa (fig. 103). 

f'ig. 97. Diagrams to illustrate the leaf-apex. 



ABCD B F O HI 

The surface of the leaf may be— 

1. Glabrous, or smooth and oven, ivs in Maugo, Viiusa.- 

2. Rough, or uneven and coarse, as m Fig, ladian Baayaa, 

3. Pubescent, or clothed with short downy hairs, so that the leaf 
is silky to the touch, as in Til (Sesamunt). 

4. Villous, or clothed with long«curled hairs. 

6. Tomentose, or c'othc I with loug wooly felted hairs. 

6. Glaucous, or covered with a white bloom, as in Cabbage. 

7. Glandular, that is having glands containing oils ' or such 
things, as in Toolsy (the Basil), Lemon. 

8. Spinous or prickly, r.B., armed with spines, as in Kantikary 
[Solanum xanthocarpum). 

The margin of the leaf may be — 

1. Entire, that is perfectly even, as in the Jack, the 
Banyan. 

2. Serrate (fig. 98 A.), that is cut like the teeth of a saw, 
the teeth being turned upwards, as in the leaflets of the Rose. 

3. Dentate (B), that is with large teeth pointing out¬ 
wards as in Java. 

4. Crenatb (C), that is with rounded teeth, as in 
Thulkury {Uydrocotyle asiafiea—&g, Ul). 

6. Wavy (D), or Sinuous (E), that is with slight and 
broad shallow depressions, as in the Devdaru (Polyalthia 
lot^ifolia), 

6. Spinous, that is with sharp pointed processes, as in 
Sbeal'kanta (Argemone meiUcana), 

4(a) 
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7. Incised, that is cut into segments by ddei>^ itieisions 
as shown in fig. 98F. 

Fig. 98. Leaf-margins. 



A II r D R F 

Wheti the teeth themselves bear finer teeth the margin 
becomes his‘‘.rrate, hidenMe, hicrmate, etc. In incised leaves 
the margin is deeply cut. When the segments of an incised 
leaf are rounded, it is called hbeid, as in the Melon (Torbooz), 
the leaf of which is palmately lobed. When they are pointed 
and the cuts do not reach half-way down the midrib, the 
leaf is called pinnnti-fid or palmaH-fid according as the venation 
is pinnate or palmate. When the f'uts go more than half¬ 
way, the leaf is either prnnati-pariite or pnlmafi-partite ; and 
when almost to the midrib, or to the petiole, it is either 
pmnati-seci or palmaH-fect, ac-^ording to the venation. Thus 
Cotton loaf is palraatifid ; Oastor-oil leaf is palmatipartite; 
Papaw leaf is palmatisoct and the lobes pinnatiseot, 
and so on. 

Sometimes the lobes of a simple leaf are irregular and 
unequal. For instance the lower leaves of the Mustard 
plant have deep marginal outs so that there are several 
small lobes ending in a large lobe at the top. Such a leaf 
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is described m (fig, 99) from its resemblance to a 
lyre. A rwieinaie leaf is veiy much similar but the lobes are 
pointed m shown in (fig. 100), A palmatiseot leaf when like 



Fig. 99. Lyrale leaf. Fig. 100, Buncinale leaf. Fig. lOl, Im- 
paripjniiate leaf. Fig. 102. Cirrhiferously pinnate leaf. Fig. 103. Leaf 
of Oloriona ending in a tendril. 

the claw of a bird, as shown in the diagram (fig. 91), is 
also called pedate or pedaiisect. 

Simple and Compound leaves.—The simplest leaf is 
that in which the blade has an entire margin, i,e., it is not 
toothed or lobed. In other simple leaves the margin is cut 
up, so that the blade is lobed or incised. But however deep 
the cuts the segments of a simple leaf are joined. Thus 
the leaves of the Papaw and the Castor-oil plant are deeply 
incised, but they are still simple. When bowever the loaf- 
blade is broken up into distinct and separate kafltts the 
leaf becomes compound. Thus the leaf of the Bose (fig. 53) 
has a stipulate base, a long petiole, and separate leaflets 
seated on it; it is a compound leaf. Fig. 104 shows a simple 
palmatifid leaf, fig. 105 a simple palmatiseot leaf, and fig. 106 
a compound leaf with three leaflets. In a compound leaf 
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the mauj petiole bears branch petioles or petiolulss support" 
iug distiuot leaf-blades called leaflets. 

Fig. 104. Fig. 106. Fig. 106. Fig. 107. 



From simple to compound leaf. Bipinnste leaf. 

Compound leaves may be of the pinnate or of the palmate 
type. In a pinnately compound leaf the petiole is elongated 
and is pinnately branched, so that the leaflets follow one 
another on the petiole, as in the Bose. In a palmately 
compound leaf the petiole braiicho.s at its tip palmately, so 
that all the leaflets spring from the tip of the petiole- (fig. 
109), as in the Shimul (Bilk cotton). 

A compound leaf witli numeious leaflets as in the Sajina (Moringa 
pierygospernia), is someHniPS mi.'.Uiken for a branch, To distinguish 
such a leaf fiona a leal branch it should be lenieinbered that ; (1) 
a compound leaf, like a simple leaf, may bear a hod or a bianch at its 
axil; (2) ils base may be stipulalc or expanded, not free and rounded 
as in a braneh, (3) it has no terminal bud as in a branch, and (4) 
the afqxirent leaves (really leaflets) have no buds in their axils as true 
leaves have. 

Pinnately compound leaves;—(1) A compound loaf 
is pari-pinnate when the leaflets are oven in tjumber, being 
arranged in pairs on the rachh or midrib, as in the Tamarind, 
the Gold Mohur, (Poinciana regia —Krishnachura), the Kalka* 
shinda {Cassia soplwra —Kasondi). 

(2) A pinnate leaf with an odd unpaired terminal leaflet 
is called impari-pinnatt {^g. 101), as in the Rose, the Marigold, 
the Aparajita {Clitoria /ernafea—Sankapuspa). 
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(3) When a pinnate leaf ends in a tendril it is cirrhift- 
rously pinnate (fig. 102), as in the Pea (fig. 77)./ 


Fig, 108. Leaf>of the 
Sensitive pls^nt^Manosa 
pud^: to the light the 
irritated collapsed leaf. 



(4) A pinnate leaf may be twice compounded, the main 
petiole may bear branch petioles on which the Iea6ots are 
pinnatoly arranged, as bhowii in fig. 107, Such a com poun d 
le af is call ed Thi.s is common in the l^bja (Acacia) 

family. Sometimes a leaf is thrice compounded in the pin¬ 
nate manner, it is tripinnate as is Sajina (fig. 116). WJh«n 
the division goes beyond the third degree (fig. 114) the leaf 
is called decompound as in Anise. In the Sensitive plant 
{Mimota pv/dica —La;iiabaty, Lajuk) the main petiole bears 
four petiolules which spread out from its tip, and on these 
leaflets are arranged in the pinnate manner (fig. 108). 
Such a leaf is termed digitaiely pinnate. 


Palmately conapound leaves:—Palmate, or digitate 
leaves are those which have a number of distinct leaflets 
arising from the tip of the petiole. Thus.— 
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(1) A BIFOLIAT E leaf has t^’o leaflete, at id BardvckUa 
Idnata (AojaD). fig. 110. 



Kiji. 109. Leaf of the White Cotton Fig. llQ. Two-foliatt 

Briodendron a9\frcctuosum-- digitaic hni of ffardwickui, 
leaf with Heven leaflets. 

(2) A TRIFOLIA TE leaf has three lenflets, ns in Amrool" 

shak the Ueait- 

(3) A QUADKfiPOLiATK leaf has four leaflefe^ as in 
"SiooBhuy-ahak (Marfilial 

, (4) A PENT AFOLIATE leaf bas five leaflets, as in Huvhu- 
riya (GffnandropsiiTp^aphifiia). 

<6) A HBPyAgQ LlAaE leaf has seven leaflets, as in the 
Indii^ JiBinp (Cannabis saiiva). 
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(6) A BITKRNATB leaf 18 on® which is twice com¬ 
pounded ternstely. as in the Bdcl (/£^/« Marmths). 

(7) A TRiTBRATB is thrice temate, and so on. 

Special form of leaves;—I. SgALBLB^M occur 
ganertdly on all underground shoot. The 'eyes’ of potato 
are small buds covered by thin scales. The pulps of Onion, 
Garric,’"'ira|anig»nBha (Potyanthas tubtrosa) etro., are made 
up of fleshy scales. %Sle leaves are also found in the 
aeri al sh oot where they, form bud-acalps JprotMaiig 

2. Ensiform lbavbs are very long and %t lijre a 
swor^ iTiey hHVb' rio petiole, nor a midrib, and stand 

-V. - , . , , -- ----^ .. 

almost erect. For instance, the leaves of the common 
Ho gla (Typha elephantina, the Elephant grass or the 
IJulrush) are some six to eight f^et long and one inch broad, 
and stand almost vertical like a drawn sword.; 

3. EQUiTANX LBimL aro vertical like the last but 
are folded lengthwise on their middle like a folded note- 
paper. They are split only at the base, and being crow¬ 
ded the outer leaves bestride or embrace the inner ones. 
They may be seen in the common garden plant OladioUns and 
are characteristic of plants of the Iris Ifsmily. 


Fig. Ill, 


Fig. 112, 


Fig. 113. 



Fig. 111. Beniform leaf ot HvpipcoTViiE ASlATIoa with 

crenate margin. 

Fig. 112. Com^toand leaf of UatMiLTA with four leaftets 

Fig. 1 1 8, Gompoand leaf of OxAIils wHh three obCordate leaflets, 
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Fig, 114. 



A decompouad leaf 


Fig. 116. Fig. 117. Fig. 118. 



Palmatiiid >eaf. Bltemate leaf, Unifoliate leaf. 


4. HETBROPHYLLY.— In certain water-plants, e.g., the 
Water-chestnut (Paniphal — 7'rapa bifpinosa), there are 
two kinds oi leaves : (t) the floating Uavef, which Are 

flat and. large with a swollen bladder-like spongy petiole 
wbiiA ^rves as a float, and (2) the mhmerged loaves wbiob 
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are 4 iss 0 cled dr out ap into numerous thread-like segments. 
Such a oottdition is knov^n as heteropEiylly. Fig. 119 
shows a plint {Limnophila polystachya, Bentb) which is 
amphibious, that is, half sabmorged and half aerial. The 
lower leaves are submerged and dissected, while the upper 
aerial ones are quite like ordinary leaves. There are many 
such heteruphilous plants (Litsuppphila) in swamps and 
rice-Melds. Floating leaves with a swollen bladder-like' 



t’ig 119. UmnoiMa polystadyc, The lower two whorls are the 

submerged diMecbpd leitTe#, 


5 
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petiole may ^eo be seen in the waterhyaoioth (Fid^ayiia 
Crassipus) which ie very common in stegnant waters. 
Submerged leaves are not always dissected. In many 
plants whi(A are totally submerged, a/., the common 

PoIlMfiena of ponds, the leaves are thin, and long like a 
ribbon. - 


6, The leave# of Lemon 4MI O^nge (fig. 1 l8j have a distinct arli- 
'cnJaiion between the Jamina ami the petiole which is expanded like a 
wing, Bnch leaves are by some regarded as compound and a« described 

aB 0NIFOL1ATB. 


Modified leaves. -(1) Many tendril'climbers modify 

their leaves into TRNDRfLa These 



Fig. 120. The Phaiii-monsa 
—Opuntia show.ng thS 

spines. 


leaf-tendrils (see stem-tendrils) 
are very sensitive of contact 
with a hard object which is 
soon clasped by coils thrown 
round them. This is seen in 
the compound leaves of the 
Pea, the upper leaHets of 
which are tendrils (fig. 77). 
In the Mosoor-chana (p. 50, fig. 
78) the whole leaf is reduced 
to a tendiil, while the large 
stipules act as leaves. In the 
Gloriosa of the gardens, how¬ 
ever, only the apex of the 
leaf is a tendril (fig. 103). 

^metimes leayc a are 
ooaveited. into 
PPinted structures, called 
- Thus the leaves of 
the Sheal-kauta (Arffmont 


nieawna) are almied with sharp 
marginal spines. ln_ the Phani-monsa (Opuntia DUUnii) 

'' ^*****"*' * ** y <u»»i *|||<| .•mwvmmhu,. 4 
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no leaves are (ormtA ; tliey are entirely modified into, snines^ 

■ ■ I ■ I I I»■■—■■■ I i n ** - ••w . ^ -r- «-. 

In Btrhem atiaHca (Darnharidra, used in Hinda medicine), 



Fig. 121, Tbe Sbeal-kanta 
with epinoae leaTes, 


' a mountainouB idant, the leavee 
of tbe main stem are entirely 
transformed into <3'6'partite 
spines and from their axils 
oondensed leafy brandies are 
formed. 

(3) Phyllodbs are flatten¬ 
ed leaf-like petioles without 
the lamina. They occur in cer¬ 
tain Australian Acacias where 
the lamina is so little developed 
that often nothing remains but 
the flattened petiole^ which 
thua assumes tbe form and 
function oi the leaf blade. 


In certain plants, called ineectivoroas plants on account of their 
feeding on insects, the leaves are modihed into special organs by means of 
which they can seize and then digest small inseefh. These are discussed 
in the chapter on nutrition under Thysiology (part III). Other raodih- 
ed leaves, such as doral leaves and bi'act leaves, are described in the 
fol ng clia pters, 

yr masifichtion of Leaves .—CoTYtEDOy6 or seed leaves^ Tliesc arc 
the Ibaves of the embryo. They serve to provide nourishment to the 
young seedling, either by btoi'iug food matters, or by digesting and 
absorbing fiMd mattcis stoi'ed in the seed, 

2, (oataphyllB or cataphyllary leaves), found as a 

rule on underground stems, also on some aerial stems, as in the young 
culm of bamboos. They serve to protect the young buds of a plant, 

3* F oLiaa s bgavgS i^or the ordinary gieen Iwves of plants.^ 

LBAvs (hyiwopbylls), or certain special leaves which 

protect Bowers. 

6. Fi^bal nK Avas (anthophyllsand sporophylis), or the Jeav^ 
which make up a flower, 

I^ratioa of leaves..-— Every year new leaves unfold in spring and old 
ones fall off,' Th some trees, such as IheSilk-ootton, the leavcb fall off 
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veiy early so ttiat the plant ie leafless fnr some' months* (winter) of the 
year. Such leaves are calletl Dacmtioo s. In other plants (Banyan, 
Mango) they remain throughout the year and fail off only when the new 
ones are becoming developed m spring. Such leaves are called paMia - 
TaKT, and the plants arc therefore called EvaBOBBam. In many 
Pines, which aie typical evergreens, the leaves remain attached to the 
plant fnr sev. ral years though new leaves are developed each season. 

Arrangement of leaves in the bud :—In a bud the 
young leaves are packed away as compactly as possible in 
order to economise space. The arrangement of the leaves of 
a bud with respect to one another is called AtusTiVATION . It 
may bo : (1) open , when the leaves forming a whorl are not 
in contact by their margins, (2) valvate, when the edges just 
touch but do not overlap, and (3) IMBRICAT E, when they over¬ 
lap one another by their margins. The manner in which each 
leal is tucked up in the bud is termed VERNATION. It is — 

(1) CON DU PLI CATE, when the two halves of the lamina are 
folded together along the midrib, as ii; the leaflets cf Rose. 

(2) PLICATE or PLAITED whoii the leaf is folded several 
times along several ribs like a closed fan, as in the Palms. 

, (3) CIRCINATR,' when the loaf is rolled down from apex 
to base like the tail of a dog, as in Ferns. 

(4) CONVOLUTE, when the lamina is rolled from one 
margin to another longth-wiso, as in the Banana. 

Ry!VCT i ^uT K. when it is rolled downwards from each 
margin towards the midrib, so that the upper surface is 
external, as iD h erium odorum (Karabi.) 

(6) Involute, when the lamina rolls upwards from 
each margin towards the middle, as in the Watei-lily. 

(7) CnuMPL EP i^pr irregulary folded, as in Cabbage. 

t SUMMARY. 

typical .green leaf has three parts: (1) the leaf-stalk or petiole, 

(3) a kaf-blade or lamina and (3) two outgrowths from tbu base, 
called sigmles^ The petiole and the stipules are not always present. 
A leaf Without a petiole is sebsile, one with the petiole is petiolate. A 
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leaf witfaoat sfcipales is exstipolatie^ one with stlpales is stipqlatc. 

i^iii I * - -■ a, l■lll,^ I, i*jM I * III ■ « ' ■ - gn -ri i T iT-^r-T*—*"—^***“^‘*^'*’'^***'***"'^'*"*^ ’ 

The latnina is the moBt important pdrt of the leaf. It has (1) a 
gnsen soft tisaoe which prepares food matter, and (2) a number of veins 
which conduct food matter and also keep the lamina flat and firm. The 
arrangement of the veins in a leaf is called MnoAoit. It may be 
Paiallel (lionocots), or Ecticulate (Dicots) 

I _ _!_ 

Unicostate, Mnitioostate, Pinnate, Palmate, 

with oue mklrib With many with a midrib with several strong 

(Banana) strong ribs (Sunflower) ribs (Papaw). 

(Palms) 

Stipules arc leaMikc appendages of the leaf-base. They commonly 
arise in pairs on the two sides of the petiole. The following are the 
fapocial forms.— , ^ 

1. Fouaceous stipules, as in the Pea. 

2. Aduatc stipules, as in the Bose, 

3. Iuter[>etio!ar gtipuh s. as In the Kaugun. 

4. Ochreate stipulrs, as in Polygonum. 

5. Tendrillar stipules, as in Smilax. 

(L Spinous BtipuJos, n'- m Acacia. 

\C\ ’'JThat do they do ?—They protect the young bud. They are there¬ 
fore wont lo fall off, or shrivel, soon after the leaf hae opened out, but the 
special forms mentioned above commonly persist thiougbout the life of the 
leaf, for they have to perform more impoitant work than mere pro¬ 
tection. For instance*, the large stipules of Pea prepare food matters 
like leaves; the stipnlcb of tSmilax help the plant to climb: those of 
Acacia act as weap'^ns of defence, and so on. 

The mam types ot leaves are : (1) sccd-loavcs, (2) scale leaves, (3) 
foliage leaves, (4) bract, leaves and (6) floral leaves. 

Foliage leaves are eit her sinaple or compound. In a simpie leaf the 
petiole is unbranched and bears only a single blade ; in a compound leaf 
the petiole is blanched into pgtiolules each of which bears leaflets. 

Simple leaves, whether stalked or sessile, aie of various forms, l»argc 
and bfOad simple leaves are often lobed or incised. 

Compound leaves a’c either pinnate or palmate. In a pinnately 
compound leaf the petiole is elongated as the rachis, and from this 
branches or petio!ales arise acropctally like plumes on the shaft of a 
feather. In a palmately compound le(tf the main petiole ends abruptly 
in a number of petiolules, A pinnate leaf may be more than once 
compound ; it may be bipinnate, Iripmnatc, and so on. A simple 
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pinnate leaf )0 pari-pinnatc when the leaQ^ are. paired; impari* 
pinnate when there is an unpaired t^minal lea^flet; cirrhiferouBly 
pinnate when it ends in a tendril. A palmatety bomponod leaf^ 
oomtnonlj also called digitate leaf, is bifoliate, trifolUite^ qnadrifoUatei 
eto«, when the nomber of leaflets is two, tfaDCi^ four and so on 
respectively. 


QUI^TIONS, 

1. What are the part of a typical leaf 7 What do yon call the leaf 
in which one or other of these parte is absent 7 

2. What are the veins of a leaf ? Describe the various ways in 
which veins ate diatribnied in the lamina. 

3. What are stipules ? What is their function t Name the prfncipsl 
forms of stipules. 

4. What is venation ? Describe the venation in the leaves of (a) 
Date Palm, (b) Sunflower, (c) Glass, (d) Cucumber, (e) Lily. (f).Water- 
lily»(g) Banyan, (h) Papaw. Give diagrams. 

5. Explain;—sessile, exstipalate, lanceolate, reniform, pubescent, 
orbicular, multicostatc, reticulate, glaucous, cordate, serrate, pinnatifld, 
acicular. tomentose, crenatc, obovatn, peltate, anriculate, deciduous, 
eOsiform. decompound, araplexioaul, equitant, and dicitate loaves. 
Give examples and diagrams where possible. 

6. Name the various forms of simple leaves. 

7. Enumerate the various forms of compound leaves 

8. How would you distinguish a simple from a compound Irat ? 
E'caminc the following leaves and say whether they ate simple or 
compound ;—rapaw, Castor-oiJ, Cocoa-nut, Marigold, Rose, Nim, 
Potato, Tamarind. 

9. In whbt respects do Dicot leaves dlficr from those of Monocots 7 

10. How may the leaf be modiiied to act as a climbing organ ; What 
is hetei'opbylly 7 Give instances, 

11. Examine and describe in teclmical language the leaves of; 
Bamboo, Briniat, Cucumber, J^otus, Mango, Pea, Mustard^ Silk Cotton, 
AtiiiSR, 

12. Describe ihe various kinds of leaves that may be found in a 
higher fdani and the functious that they perfom. 
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CHAPTER V. 

PHYUX)TAXia 


The order of dietri^tion of laf>m on the stem i s termed 
Ph Yi.LoT i^iaL^ 'H^ ^ tErw^ 

meHtTTTjwheo the leaves stand alone, one only ooonring 
at a node, they are said to be at^tbrn atk <tr jn ATfraasgi • 
(2) when two leaves stand at the same level, one on eaeh 
side of the stem, they are nvpnsTTit: and (3) when more 
than two originate from one node forming a circle or whorl 
round the stem (fig. 119), the leaves are called whorled or 


VERTIOILLATB. 



Op{iosite decussate Alternate 

leavea leaves. 


Alternate'. leaves 

are variously arrange* 
ed. Sometimes they 
are truly alternate; 
that is, the second 
leaf is exactly on the 
other side of the stem 
from the first. The 
leaves thus stand on 
only two verttoal 
TOWS on the stem: 


the Ist, 3rd, 5th, 7th, etc., leaves standing in one row, and 
the find, 4th. fitb, etc. leaves on the other ro#. Such leaves 
are termed distichous or two ranked, and may be s^n 
in all Grasses, Bamboos and cereals. In some oases, as in 
Sedges and other Monooots, the Feaves stand on thrM vertical 
rows, so that starting from one leaf the fourth stands just 
vertically over it. The let, 4th, 7th, etc. Istf^ves stand 
in one row; the find, 6th, 8th, etc. stand on a second ; 
and the Srd, 6th, 9th, etc. Iissves on the third. This 
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V 

arrangement is called the tristiohous or TaRBR-RANKBD 
arrangement (fig. 124). 

When a line ie drawn round the stem so as to pass 
regularly from leaf to leaf, we find that its course is spiral. 
This line will form on borizonta.1 proiection a coil, as shown 
in figs. 127-30, and is known as the OSNBTIC spiral. The 
vertical lines on the stem on which a series of leaves, 
as mentioned above, lie ai’e termed ORTHOSTICHIBS. 
These are always equidistant, that is, they divide the 
circumference of the stem into a number of equal seg¬ 
ments. The iiymmetTieal appearance of a shoot is due to 
this fact. 

In the two-ranked (distichous) case, the spiral line 
commencing at any given leaf completes one circuit and 
commences a new one at the third leaf. In the three- 
ranked (triptichous) arrangement, the spiral completes 
one circuit and commences a new one with the fourth leaf. 
The fraction of the circumference of the stem which lies 
between one leaf and the next (measured on a horizontal 
plane) is termed the angular divebgbnok. This in the 
distichous case is one-half, in the tristichous, one-third. 
These fractions are instructive. The numerator (1) indi¬ 
cates the number of turns of the spiral forming a complete 
cycle, while the denominator (2 or 3) expresses the number 
of leaves (and also the orthostichies) in that cycle. The 
angle subtended by the leaves at the axis or centre of 
the stem is, ia the first case, half of 360* = i80“, and in 
the second, one-third of 360* * 120*. 

In the PENTABTICHOUS or five-ranked arrangement of 
leaves the conditions are more complex. Here the sixth 
leaf stands over the first or the starting leaf, and begins 
a.second story which ends at the ) 1th leaf. (Fig. 128). There 
arit coneequently five yertionl rows or orthostichiee on which 
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the leaves He: vie., the first with the 1 at, 6th, llth, etc. 


Fig. 124. Fig. 126. 


Pig. 126. 


leaves; the second 
with 2nd, 7th, 



12th, etc.; the 
third with 3rd, 
8th, 13th, etc.; 
the fourth with 
4th, 9th, 14th, etc.; 
and lastly, the fifth 
with the 5th, 10th, 
15th, etc. leaves. 
The spiral line 
starting from a 
given leaf oomple- 
tes a OIRCUIT round 
the stem after pass* 
ing the next two 
leaves, as shown 
in fig. 125, but 


the OTCLB is not 


completed till it passes through the 4th and 5th leaf, and 
finally reaches the 6th. Here the cycle is completed and 
a new one begins. This arrangement is represented by the 
fraction 2/5; the number (2) indicating the number of 
turns round the stem to complete the cycle, and the 
denominator (5) the number of leaves (and also the 
orthostichies) in the cycle. The angular divergence is two* 
fifth of 360* = 144. The two-fifth or pentastichous arrange¬ 
ment is common in. Dicots, and may be observed in the 
Crotons, the Banyans, Java, Sunflower, and so on. 


The OCTASTIOHOUS or eight-ranked arrangement is 
where eight vertical rows of leaves on eight orthostichies 
exist, and the ninth leaf, starting from a given leaf, irtands 
over it (fig. 126). There are thus eight leaves in the cycle. 

Ha) 
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In this case the spiral takes three tarns round the stem ae 
it comes to the 9th leaf or completes a cycle. The phyllo* 
taxis is represented by the fraction 3/8 indicating that there 
are eight leaves in three complete turns of tha spiral, 
and that the angular distance between any two successive 
leaves is th'-ee-eighth of 360°. This type is not very common. 
Kig. 127. Kig. 128. F'ig, 129. Fig. l30. 



Fig. 127. One-halt alternate or spiral pliyllotaxis. Fig. l28. 
One third spiral arrangemfiiit. Pig. 129. Two-tifth phyllota.xts. 
Fig. 130. Opposite decussate phyllotaxis. 

Opposite leaves stand at the same level on the stem 
with their nodes springing from its two sides. The circum¬ 
ference is thus divided into two equal parts, and the loaves 
may all lie on two vertical rows only. This occurs in many 
plants, e,g. in Rangun, Gandbaraj, Kadamba, etc. The 
pairs of opposite leaves, however, commonly alternate, that 
is, they cross at right angles, the third pair standing over the 
first. Such leaves are called decussate (see fig, 122). 
Instances are the Toolsy, the Bakash, the Jasmines, etc. 

Whorled leaves.—In some plants leaves arise in whorl 
of three, four, five or more. For instanoe, in the Saptaparni 
(Ahtonia scholnris—GhAttim, sapta—seven, pama —leaf), 
there ax*e generally seven leaves forming a whorl at the top of 
the branches. The tree itself has a oharacteristic appearance, 
for the branobes spread out horizontally in whorls of 
three or five, forming tiers a few feet apart. Generally 
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when Uie loaves are wfaorledi the leaves of one whorl stand 
over the intervals between those of the next whorl, but on the 

same vertical line with the leaves of the 
third whorl. In other words, the whorls 
ALTERNATE. Ill fig. 119 is showii an 
aquatic plant (Lpmnophila) with whorls of 
three leaves. In some trees a number of 
leaves appear to spring from one point, as 
in the Pines, where the short branches 
commonly end in throe long, slender, 
needle-like leaves in ' a cluster. Such 
leaves are called pascicl'LATK, and Jbhe 
cluster a FASCICLE. Ill the Pines the fasci* 
culate leaves really belong to a branch 
the inter-nodes of which are not developed ; 
so they all spring from one {Kiitit, as the 
bud from which they originate does not 
elongate, and a few membranous sheathing 
scales sunound the base of the feMciole. 

Advantage of phyllotaxis.— Observation 
of leaf-arrangement in different plants 
shows that generally leaves which arc 

Fa.c,c«lau!Vaf 

of Tini'. third plan, while those that arc narrow are 

crowded and have the two-fifth or three-cighfh arrangement. 
Thus climbeis gcneially have large broad aid cordate leaves 
which are dispc sed on two or three rows on the stem ; that 
is, their phyllotaxis is cither half or one-third. Generally 
speaking, as the loaves arc more narrow, such as lanceolate, 
linear, acicular, etc. their phyllotaxes are represented by 
fractions of increasing complexity, such as two-fifth, three- 
eighth, and five-thirteenth, etc. 

Leaves are so arranged that they do not shade those 
above or below them more than is absolutely necessary. 
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For, Kgbt is of the utmost importanee to them aod hence 
they economise spaoe^ Broad leaves if eixiwded too much 
would throw each other in the shade much more readily 
than if they were kept widely apart. The widest angular 
distance between two leaves is I80*> and this explains why 
most climbers have the distichous phyllotaxis. Again* narrow 
leaves if allowed to grow at wide intervals would leave 
large sunlit areas unused* and so they become crowded with 
two'fifth, three-eighth* or more complex phyllotaxes, being 
placed not on two or three vertical rows* but on five, eight* 
or more veil^ical lines on the stem. The principle appears 
to be : if the leaves are large* scatter them widely ; if small 
and narrow, crowd them according to the degree of 
narrowness. 

« 

Many herbs exhibit a difference in the size and position 
of their foliage. The lowest leaves near the ground are 
the largest or have long petioles, those next above are visibly 
shorter, and often in the region of the flower, are changed 
into very small leaves or into mere scales. The leaves near 
the ground may be spread almost flat, or slightly bent 
down, while those higher up stand erect hoi izontally, the 
younger leaves at the top being obliquely bent upwards. 
This may be easily observed in the Sunflower plants. By 
this arrangement is secured a better illumination of all the 
leaves, for the top leaves can not overshadow those growing 
below. In plants, however, which have incised, lobed, or 
compound leaves, there is little danger of injury from sha¬ 
dow cast by the upper leaves, for enough sunlight can pass 
between the lobes and segments to the leaves below. The 
strips of shadow thrown on the lower leaves move their posi¬ 
tion along with the sun and remain at one spot only for a 
short time.. Hence it is that in plants with much divided 
or compound leaves all the full grown leaves are of equal 
size and length, and stand out from the erect stem at about 
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tfae same angle. Fpr similar reasons certain plants of the 
Aroid (Kncboo family) have perforations in the leaf-hlade 
through which light can easily pass. Branches and horizontal 



Fig. 132. A tiailing plant forming Icaf-mosaio on the ground. 

twigs also attain the most advantageous position hy twisting 
their internodos or petioles, or by adjusting ihcir length, 
BO that they come out of the cover of the overlying leaves. 
In this way small plants and climbers, especially trailing 
plants, expose their foliage fully to light and air. 

Leaf-mosaic.—The arrangcnicot of small aud large leaves on the 
hanie shoot is very beautiful in certain plants growing in dark or half- 
shsfled places. The larger leaves leave gaps between them and these 
aic filled by smaller leaves which twist and turn so as to leave no gap 
unoccupied. The result is a mosaie-like fitting of leaves of various 
size and shape, so that a continuous green surface, as shown in fig, 132, 
is cxposeil. Such leaf-mosaics may be seen in many plants which 
trail over walls or in shady places. In the common Four-o’clock plant 
(KriaimakaU.— ^Jalapa] an almost similar fitting of large 
and small leaves may ^ ^served. In the Water-chestnut (raniphal) 
the Coating leaves form dense rosettes on the surface with large and 
small blades fitting closely logcthei’, so as to present a continuous 
green surface 4o light. 





CHAPTER VI. 

INFLORESCENCE. 


Flowers often arise in clusters, because the flowering 
shoot (see Chap. Ill) is more freely branched than the vege¬ 
tative shoot. A branch-system bearing flowers is termed an 
inflorescence. As comm^y understood, an inflorescence 
is a collection of flowers. The number of flowers in an inflo¬ 
rescence is very variable, s.f., three only in the common Jas¬ 
mines, several thousands in certain palms (Date, Fan palm). 

The axis of an inflorescence (called also the rachis) is 
generally the continuation of the vegetative axis. In certain 
herbs, such as the Ojjion, the Ijily, Bhoichani|>aj Rajani- 
gaiidha, etc., (eoo acaulesccnt plants) thoro is no foliage stem, 
the leaves form rofiottes, and the stem of the plant lies under- 
ground ; but at the time of lloworing a long stem springs 
fioni the centre of the leaves and bears only fluwois. This 
is called a scape. It is an elongated llowciing s^Looi with- 
out any foliage. 


Plower-buds, like leaf-buds, often aiise in the axils of 

leaves uhich_arc Jhero of u djjfcoxnt form and function, and 

are called practs, or bract-lcavcs {hypsophylls), Flowers 
subtended by bracts are called ukacteate, those that have no 
bracts arc KBRACTKATK. Soiiio flL/wers, such as Java, Morn- 
iiig-gloi 7 . Datura, arise singly from the axils of the ordinary 
foliage leaves, and are hetice termed SOLITARY and axillary. 


T he Ilract . however, is a leaf i)Cculiar to the inflorescenco, 
nnd serves mainly to protect the flower while still in bud. * 

A branch may eubtend a whole cluster of flowers, ah<l”TEon the 
diminutive term bracteo le is ai>p]ieti to Iho small bracts, often in 
pairs, which he at the ba^e oi the individual flowtiib. ' 





BRACTS 


79 


A flowerbud be either srssclh: or STALicsn ; in the 
hitter ease the st^k is called thj PBDUi<fOLB, andjii a macb* 
l)r&TiOuOQ iDuorGSCODOO) tno slon* 
der stalk" of "the individual 
flowers are called pkdiokls. 


f 



ji/y^ ' 






t 


'SS 
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Fig. 13B. A capitulum ; in, the 
involucre of bracts ; f, the flowers. 


Pig. 134. Inflorescence 
of a Palm—S, the spatbe. 


Bracts are special leaves found in the flowering portion 
of a shoot. Their funrtion is mainly to protect ' tfib flower- 
buds from rain> devr» heat, etc., and from undue radiation 




and oobling at night. They subtend either iodividual flowers 




or a whole inflorescence. Sometimes they are green, like 
ordinary foliage leaves, though" inooh 8miiref,"~a8^tn the 
Bakash (Adhatoda Fa$ica). Here the vegetative stem bears 
large cordate leaves, but terminates in an infloresccnoe easily 
recognised from the small green leaves which overlap like 
the seales of a fish. These overlapping leaves are bracts, and 
each bears a sessile flower*bud in its axil. Almost similar 


IMBRICATING bracts may also be observe d in other plants 
of the Bakftsl^ family f^caa/Aagsos). and in the common 
VmmeHnas, 
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In many Monooots, a large bract subt'^nda a wboto mSo* 

, --- 

refioenoe ana forms a boat-shaped sheath, termed a sPATBff. 

'"ThiTmay be seen in t he ooma noni Kaohoo (figs. 
136, 138) and also in .many Talaw TfigT 134). 

I I , a __ 1*H )> 

''' '■' The flowers of these plants are very small, and 



Fig. 136. 


Fig. 136. 


Fig. 137. 


Fig. 136. Spathe (cut open) and epadix of Colocasla. Fig. 136. 
a typical cyme of three flowers—a dichasiura. Fig. 137. A capitnlom 
cut vertically—c, the rachis ; 1, ray florets ; 2, the palea subtending 
3, the disC'iioret, 4, involucre (diagrammatic). 


form dense clusters which arc covered and protected by the 
spathe. In some plants oi the Kachoo. family (Aroids) the 
spathe is a flat,, white,, or rose-coloured leaf which js very 
attractive, and for this the plants are extensively cultivated in 
the garden. Such eolourad spatfaes are also seen in the Ba nana . 
The flower-ooue (mocha) of the Banana (fig. 140) consists 
of numerous large, imbricating, boat-shaped bracts, each with 
a row of flowers in its axil. As the cone grows, the bracts 
open and stand up one by one and expose their axillary row 
of flowers, while their inner scarlet lining serves to attract 
insects. The upper surface is grooved so that nun or dew 
is easily drained off. 


Coloured bmeta, called.petaj|.Qid hrstPt*. ere also found in the oommon 
garden plant Lal-pata {EtpkorUa /ndc/ienihna), where a whorl 'nt 
venaUifon'Ooloured leaves spreads out from the top of the taasehes shef 
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bears a email, green, cup-shapea body in the centre. Toe leaves are 
bracts, while the Central cup U really an inflorescence. In another 

common garden plant, 
the 15haban- or 



K^^ao-bilasy-lata, a 
huge thoru-climbcr 
(p^ there are 

three rose-rod bmots 
forming a whorl, and 
each bears a amaU 
greenish flower, Xhc 
cluaUn' looks like a 
single flower, the 
bracts appearing like 
petaltior the ooloared 
leaves of a flower. 
The three flowers at 
the centre are in- 
conspicuons, but the 
bracts serve to make 
them prominent and 
attractive to insects. 
This is another useful 
purpose Be r veil by 
these bracts. 


Fig. 138. Fig. 139. In gome plants 

Infloresceuce of Colooasia (Kachoo). .. .. .. 

Fig« 138, Entire, with spadix (S) and apathe small gtoen bvacts 

(8), Fig. 139, same with apathe (8) partly -fv 

removed j f, f, the flowers. COlIeCtOu tO" 

gether in dense 

whorls or spires just below a group of flowers. Such a whorl 
i8’'oiine3"2a INVOLUORE. It may be s&Bh in the Snnfl ower, 
Dahlia,'^afi^Idi Zinnia, Ohrysenthemums, 'etcT’TBgT'l’SS^r 
The flowers of these plants are densely crowded on a flat 
raohis (fig. l37,o) and the broots form an involucre (4). A 
Much less dense involnore is seen in the Carrot and 
^ise family. 

s ' 

' \ The busks of paddy are bracts. Snob stiff, chaff'like. 
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smftll braota are called PAt, B.g or olumis. They are found 
A. * B. or OnMeee, eereale 



Fig. 140. Inflorescence of Banana. A, 
flower cone (Mocha), B, a single spathe 
with a row of sessile flowers, C, a flower. 


and Bamboo. In 
the Sunflower and 
other plants of the 
family, the small 
floweis are indivi¬ 
dually subtended by 
white, membranous, 
soale-like bracts or 
palesB. This may be 
seen by cutting the 
infloresoenoe verti¬ 
cally into two and 
then carefully remov¬ 
ing the small florets, 
(as in fig. 137). 


Types of haflotescence —The various forms of flower 



Pig. 14J. Fig. 142. 

A typfoal meeias, A panicle 


clusters may be 
placed under two 
principal types 
the RAOBMOSB and 
the CYM08B, ac¬ 
cording to the 
system of branch¬ 
ing (see p. 45). 
In a typical 
raceme, ae in the 
Mustard and the 


Radish, the flow¬ 


ers open gradi 
from bdow 
wards, as ah 


4 

V 















RACEIilOSG lNFU)Rfi^fiKOE ^ B3 

ia fig. I4l» while fiowtre Are |Qi4 

opening, axis gOM,, on giowing and forming smiB 
flowarbadB mar Mp, In a typkal as in the 

Jasmines (Bel. Mt^iha). the fiowent opeii fradnally /from 
above doemwards, as shown in fig. ^lat is. the axis 
forms a bud first at the top and fh^ sn^tr b|^ kf^er 
down. In ^ first oase, the grow^ of the axis is odntiniMd 
even alter the first bod or flower is fohned ; in'^tBt^'seoSbd 
the formation of a flower-bud at the top. (d the axis ter* 
minates its farther growth. Hence the raemnose is also called 




the IKD&FXNITB. »xid the cymoee the mstmum i 

in the Ifitrthe flowen open in the agbofetal or 
order, in the second in the descending ordeiC 


Fig. 143. 
Spike. 


Fig. 144. 
Compound uipbel. 


Fig. 146. 
Umbel. 




Fig. 146. 
Corymb. 


Racemose or Indefinite infloreacencea.-rThe mraplcst 
case is that of a long ^hif. bearing stalked floww .which 
open gradually from below upwards, so that the inflore^noe 
is tape^. it is teimed the, baobpib. It is very 
oommon^and may be observed in the Pea family■ in the 
MlWtai'd, the Radish, in the various kinds of Oithfds, 
lit < the gardeti plants Delpioium, Antirrhinum, etc. A 

that is, kn elongated axis with 
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flowiBi'B seated dir«c(ily on it, is called a SPlKB(fig. 143). 

VmPii - m, ^ 9>-^ HlPrs 

It is ionod in the Bakash (Adhatoda) fatnilyi in all Grasses 
and cereals, as Tvell as in all Palms. In the Aroids (Kaohoo 
{aroily), the spathe (p. 80) encloses a thick club-shaped 
raohis (fig, 139,&) on which there are hundreds of minute 
fiovers (£). This is a modified form of the spike, and is 
termed the fipApix ; it is a fleshy spike. The inflorescence 
of the BananaC^e flower-cone known as the Mocha) is 
also of the nature of a spadix (fig. 140). Sometimes a sjpike 
falls away from the parent plant when old, as in the Betel 
pjjlUjP*; the male Toddy-palm (Tal). Such a deciduous 

is termed a catkin. The flowers of a catkin do not 

' ... ' 

produce fruits* for they ar^ all male* and are as a rule 
minute* dry* scaly* and arise in large numbers. 

The InigcBt iofJoictcrnce (spike) is found amongst the Palms (fig. 134). 
The .Fan-palm (Corypha untbraculifera)y for instance, flowers only 
once in life, in 30 or 40 years, and then dies. The inflorescence consists 
of a huge cluster of tfukes 6ubtcnd(Ml by a large boat-shaped spathe, 
Thf' small fiovrers arc scTcral lakhs in number. The almost similar 
though mucli smaller inflorescence of tlie Date-palm is well-known, 

A peculiar form of spike is found in some of the garden varieties of 
the Oock’s-comb (Morug-phul), The end of the vegetative shoot 
flevclops abnormally into a crcst-likc solid lachis (fig. 149), and this is 
covered on all sides with bright-colouretl scales (bracts) and small, dry, 
sessile flowers. This inflorescence is sometimes calleil a CaenanlMum. 



The raceme aird the spike are types pf indefinite 
infiorescence with a long rachis. But the raebis is not 
elongated in all racemose inflorescences. In the Caulj-flpyer 
and iri the Candytuft (/5?ri5)* the inflorescence is more or 
loss flat-topped. This is because the lower flowers are 
raised on longer stalks than the upper ones* so as to bring 
them all nearly oii^ as.«|9!^n in fig. 146. The main 

axis is oompai'ativoly short. Such an infloresoenoe is temed 
a ' CORYMB. Another flat-topped inflorescenoo is the 
(fig,^46), in its simplest foim in the (hiion, 
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dram (Dhania), and Crinum (Sakhadarahao). Hera tb« 

main axis is either very short or altogether undeveloped, so 

that the flower stalks 
all appear to spring 
from its tip. The 

inflorescence is so 
called be^tise it 

*• le * 1 % « 

looks like an open 
'umhri^la, as shown 
in fig. 145. In the 

Carrot . mid. 

family, the ..umbi^ 
are . . mostly o«h‘ 
pound; i.e„ the 

pedicels of the first 
set at the top of the 
rachis do not hear flowers hut each supports a secondary 
set of radiating branches, forming elteondaiy umbels or 




Fig. H8. Cyme of Phlox. Fig. 149. The Cock’s-Qomb. 

tlMS^BLi>ULK^ (fig. 144). Umbels usually have an involucre 
at, their base. A compound raceme, such as is produced by 
the branching of a raceme, as shown in fig. 142, is often 
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a pank^ ; bat tha term is loosely applied to any Conn 
of branehed receme or oorymb. A eompoiind spikoi as . in" 


Faddy 






family is farm<^ fjbie 
bowl-shaped or flat 

, ‘ s«- * 

raobis* as shown in section in fig. 137, and a large number 
of small sessile flowers seated on it. The whole cluster is 
surrounded on the outside by involucral bractn'whioh serve 
to protect the young cluster. ' Gradually as the capitulum 
unfolds, the flowers at the circumference open out first, and 
then the inner ones circle after circle, and lastly those at 
the centre ; that is, the flowers open cmtripetallp, from the 
circnmference to the centrd. If we suppose the axis to he 
elongated, instead of being flat, the central flowers would 
be higher up the raohis. the outer flowers lower down, in 
regular older, and the opening of the flowers would bo 
ascending or acropfitffl, as hi a typical raceme. The flowers 


The inflorescence of the Sunflower 

, Vh, ,»* ..It • ‘ »■” »«.«!,— A ... . . 

OAFitULUM (fig, 133). It consistfl of a 



Fig. 160. The Fig. Fig. IBl. A vcrtteiHastcr. 

.. ' ' 

at the circumference have each a spreading limb, and are 
called the BAY-FLORKts ; the others are small and tubular, 
and are osflied the diso-florets. This is, however, not 
always the case. The capitulum of Kushum (Oarfhami/s 
tin0hmt$)j for instance, has flowers all alike. 
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a s 


mmm infijorbs©£Kce s? 

A form ol Mpitalam ia tba bbad* Iq it this raobu forma 
mall t>aU vrim oooiiftleaa miniita aesstle flowem aU over it* 


Burfaoe. Eafamp lea are seen in tbe Kadamba (Jnthoeephek^s 
codof»5a). tbe Sen^li^e plant (Mg. ufirtTe baUa (AcadoX 


In an elongated raoemoee inflorefioence the lloweia open 
Hdly^ L0n below upwards. In a flat-topped racemose ii^oie- 
Bcenoe, corymb, ninbel, oapituium, they open c^m^ptkdlyi 
from the outside to the centre, This is shown in figs, 145, 146, Ip a 
oondeosed cyme, however, the central flower opens first and then those 
that lie ontside, is,, they open ceiHfifugnlfy^ from* the centre to ibc 
ciroiunference. Hence the racemose is sometimes aUK> ealled tb)S 
petal, and the cymose the oentrifogal type of inflbnai^ee, 

Cymose or Definite ii^ofeicences. —The most dis¬ 
tinctive feature of all cymose inSoresoeiioes is (bat tbe 



Pig. 153. Helicoid cyme Fig. 16S. A forVed beliooid 
of Foxglove. cyan. 


main axis terminates in a flower, from below wMoh tbe 
younger flowers are developed saooessively in a d<»eend* 

ing order. The simplest cyme may be observed in some 

of tbe Jasmines (Bel, MalUka, Shephalika), in the KaiBrn- 

ohti (Ca»is» Caraniaa), etc. This $inipl 0 epais, shown in 

flg. 19^ bas only three flowers, tbe central older sr^ two 
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younger lateral ones, so th«^ it has the aypesranee of a 
three*pronged fork. More oommonly, however, the Uteral 
axes bear brauohes below their own terminal flower, and 
this arrangement is repeated in each of the branches, so 
that a complex and compact cymose inflorescence is the 
result (flg. Ii8). This may be observed in the Rangun 
(Isora coccinea), Spergularia, etc. This inflorescence is 
termed a dichasium. In certain case, the main axis instead 
of pixmacmg only two lateral axes, as in the last case, 
throws out three or more branches, each of which may 

I 

again branch in a like manner. Bach a cyme is palled a 
polychasium, but it is rather rare. Sometimes the flowers 
in a polychasium or dichasium ai'e sessile. Such a oondens' 
ed cyme forms a fascicle, as in the garden annual Sweet- 
william {Dianthus barbatuit). When the fascicle is globose 
it is termed a gbmeruU. 

the Toolsy (Basil) family a peculiar form of condens¬ 
ed cyme is formed. The leaves are opposite, and each 

forms at its axil a three or 
five-flowered fascicle, so 
that the two fascicles 
together form a whorl of 
sessile flowers surrounding 
the stem. In each fascicle 
the central flower opens 
first (see fig. 151) and then 
those at the flanks. This 
inflorescence in known 
as the vertieillaater. 

Sympodial C3rmes.^— 

Pig. 164, Uatiiooi', If instead of two or more 

lateral branches, as in tbe above cases, the main axis forms 
only fine branch below its flower, and this in its turn throws 
oat a single branch below its terminal flower, aed Ir> op 
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the branches develop in this order, a one-sided or uni¬ 
lateral cyme, or a monochasium is formed. This is 
shown in the diagrams (ftgs. 68 to 71) on p. 46. 

.Monochasial cymes have a sympodial axis, as explained on 
p. 46. and may be either HELICOID, or soorpioid in form. 
When simple they look like, and may be easily mistaken 
for a raceme, but the oymose nature is at once detected 
from the position of the flower-stalk which stand not in the 
axil of the bracts but opposite to them, as shown in 6gs. 
69, 71. The inflorescence of the common fence-climber 
lodata ia a pair of helicoid cymes, as in flg. 163. Auother 
example is Hati-soor, ffelioiropium indicum (fig. 154). 


Dichasial, polychasial, and monochasial cymes are 
also called mulH'^arous and uniparous cymes 

respectively. 

Mixed Inflorescence.—Vaiious combinations of racemose and 
cymose inlloreBcmct^fl aic met with, Tiius, in the SuuHowcr, Zinnia, 
Clirysantbcmams, etc., the individual capitula open conti'jpetaliy, but 
they succeed one another on the primary stem in a tiescuiiding order. The 
capitulum at the very top of the plant is the first to open, then the top 
branches from capitula at their ends, and then successively the lower 
branches, Himilariy in the Toolsy family the verticillastcrs me cymes, 
but they develop and follow one another on the stem from below up¬ 
wards, that is, racemosely. In the Teak (Sbagoon—TsefOna grondis) 
the flowers form a large much-branched inflorescence. The branches 
of the first and second order arise racemoseJy on the rachis, so that 
the form of the inflorescence is conieal, but the terminal part of the 
branches bear simple dicbasial cymes* The term Tlyrsus has been 
applied to this sort of infloresoence. 


The infioresoenoc of Figs (Doomoor) and Banyans^is v^y complex* 
nowers of these plants are extremely minute and lie hidden inside 
a bowl-shaped hollow rachis, as shown in flg. 160. The popnlar idea, 
tliat the Figs do not flower but at once form fruits, is explained by the 
lacfc that people do not see the flowers as they lie bidden inside the 
excavated rachis. They can be easily seen on cutting a longitudinal 
section of the young so-called Ag-fruit* Such an Infloresoenoe if tcmied 
a //ypoittipdiim. 
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SUMMARY. 

A Braat Jb a leaf aabtending a flower ora clnster ftowerB. It 
Qsoally protects the young flower-bade, bat is BometfineB coloured to 
attract insects^ or may be dry and scaly. Einde of bracts 

1. A>lKicioa 5 , or small and green leaMlkc bracts. 

2. S/Kiffo. a large bract Bheatlnng a whole Inttoresoenoe, as in 
Palms, AiouIb. 

3. PHahtd, or liighly coUmroil bract, as inflougainrillea, 

4. blt/olucrvl ^wts form a wborl surrounfling a <lense flowcr-cluHter, 
as in the Sundower family, Carioi, etc. 

5. /hisjs, or small, dry, scaly bracts subtending small flowers, as 
in the Bunflower and the Grasseu. 

An Inflorescence, or a ftower-cluster, may be of the rac^^mose or the 
cymose type. The following are the impoitanl forms. 

L Racemose or indefinite inflorescence. Main axis growing 
at top, not terminating in a flower. 

A, Simple, or lateral axes unbranobed,— 

a. Main axis elongated, infloresccnco conical.— 

Flowers stalked, as in Mustard ... ]. UAOKME. 

Flowers sessile, as in Gm'ss ... 2, SPIKE. 

A fleshy succulent spike, (Aroids) ... K SPADIX. 

A deciduous scaly spike, (Betel) ... 4, CATKiN. 

b. Main axis short, inflorescence flat-topped.-* 

A flat raceme, as in Cauli-flower ... 5. CORYMB. 

Fiower^staiks radiating from tip of rachis, 
as in Coriandrom, Onion ... G. UMBEL. 

c. Main axis flattened, roond, or hollow, 

flowers sessile.— 

Form rounded like a ball, as in Babla 7. HEAD. 

Form flat or concave, as in Sunflower ... 8. UAPITULUM. 
B* Compound, or with lateral axes branched. 

Main axis beanng racemes laterally ... 9. PANICLE. 

Main axis bearing radiating ambellu!es, 
as in Carrot ... ... ... 10. COMPOUND 

UMBEL. 

Main axis bearing splkra latei^lly 
(OraBse#) ... ... ... u. COMPOUND ' 

SPIKE. 

if. CjrnMM or definite infioretcence, Ma'o axis not growing; at 
top, temf&ating tn a flower, 



INFLORESOIiNCE --QUESTIONS 

A. lateral axas utora than two l. POLYOHA- 

SIUM. 

A’Oondexiaed polyohaaialcgrine ... 2. FASCICIiE. 

A roolided fasoiole ... ... 8. QLOllBBULfl. 

B. Lateral axes only two, aa in Jasmines ... 4. DIGHASiUll. 

A pair of condensed dichaslas in the 
axil of two opposite leaves ... S« VEBUCIL- 

LA8TEB. 

C. Lateral axis only one on <me skie, main 

axis forming a gympodinm ... ... 6. MONO- 

CHASIUH. 

The branohes arise all on one sidOf so 
that the sympodintn is coiled ... 7. HELICOID, 

CYME, 

The branches arise alternately on 
both sides of the ^mpodial axis ... 8. 8CORPIOID ^ 

CYME. 


QUESTIONS. 

U What are bracts f Whme are jlhey found 1 What is their function ? 

2. Explain; scape, peduncle, rachis, pedicel, involucre, spatbe, 
l)alofle. Give exunples. 

3. Give the distinguishing characters of a raceme, a spike, a spadix, 
and an umbel. Name plants which furnish examptes of each of those. 

4. What is an inhoi'esccncc T Name the princi|3al types of inflores- 
cenco, iilustiating your answer with sketches taken from common 
Indian plants. 

C. Briefly describe, with examples, the following forms of indorcs- 
cenoe, and point out how one maybe derived from the other : capi- 
tulum, corymb, catkin, umbel, panicle, diebasium. 

6. Distinguish between the common forms of cymes, illustrating 
your answer with sketches. 

7. Examine and describe the inflorescences of :—Sanflower, Cock's 
comb, Mustard, Kodambs, liachoo, Palms, Teak, Carrot, Babla, Onion, 
Jasmines, Eangun, Crotons, Banana, and Betel plant. 

8. Distinguish between oentrifugai and centripetal inflorescence. 
Why are they so called ? Give examples. 

9. How would you dfstinguish (a) a helicoid from a scorpioid 
cyme, (b) a raceme from a helicoid cyme, (o) a head from k glomerule, 
(d) a corymb frmn an umbel ? Wfaat Is a mixed infloresoenoe 1 

10. What is a sympodial cyme and how^ would yon distinguish it 
from a typical monopodial cyme? Illustrateymir answer with exam* 
pies and sketches. 



CHAPTER Vll. 

THE FLOWER. 


1 

If WO oxamitje the flower of Lotus (fig. 166), we observe 
that the bud is covered ou the outside by four green leaves 
which spread out gradually with the opening of the flower 
into four small boat-shaped bodies. These are termed the 



Fig, 165 FJower of Lotos cut ioDgitudinally. 

sepals (.0. Standing immediately above ai'e immoroue rod 
(or white) leaves which constitute the most attractive 
feature of the flower. These are the petals (p). JJie 
whorl of sepals is termed the cal^oi:, the collection of petals 
the corpUa. If we out the flower vertically into two equal 
halves, wo see that the peduncle is prolonged into it as a 
short stalk {th) from which the petals and sepals arise. 
This floral stem is termed the thalamus. Above the petals 
the thalamus bears a large number of short thread-like 
bodies, termed stamens {hi), each tipped with a large 
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yellow portaoo, temed , In a fully opened 

flow^r~tHo"'’arnSB»re are covered with yellow dnst-Hke 
grains which readily stick to the finger when touched. 
These are the p ollen-g raina (pbula'renu, puspa-parag). 
Above the stamens the thalamus is enlarged into a largo 
top-shaped body (t), the flat top of which has several pits 
or chambers, each containing a small seed-like body (ov), 
or carpel. 

Fig. 167. Fig. 16«, 



removed. Fig. 167, the spires of 
stiimens : at the top the carpels; Fig. 
1.58, vertical section of same. 


Fig. 156 shows diagrammatically the structure of a 
iypical Dicot flower. The thalamus is greatly elongate^ 
to show the four tiers of floral leaves ; the internodes 
between the whorls, as shown in the figure, are rarely 
found in a real flower. The first whorl cl is the calyx 
consisting of five sepals, the second co is the corolla consist¬ 
ing of five petals, the third an is the whorl of stamens called 
l^e andrsecium, and the fourth ca is the whorl of carpels 
which is called the gynoecium. 
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The flower of the Ghampaka (Mieh»Ua champaca) shows 
the stamoDB and ^rpels better (figs. 157, 168). The 
thalamus here is mdhgated, and the floral organs are 
arranged spirally on it. There are no green sepals, but 
a large number of yellow petals which beeome smaller and 
smaller the higher they are on the thalamus. The stemens 
also are in spires, and so too the numerous carpels. Each 
carpel (see fig. 160 E) has a swollen basal portion, called 
the ovary, a short stalk above it, called the st yle, ending 
in a glistening tip, called the stigma. The ovary is a 
chamber within which are formed the ovules^ or the 
rudiments of the seed. 



Fig, 169. Flower of Bofcc cut 
longitudinally. 


The carpel is better 
seen in the Pea or the 

Bean flower. In Lotus 

■ * 

the carpels are sunk in 
the thalamus, arc very 
small, so that the ovaiy 
only is apparent. This is 
not, however, the case 
gonoraJIy. The car\)el8 are, 
as a rule, placed at the top 
of the tlialamos. In Pea 


or. Bean, there is only one carpel, not several as in the last 
cases. This can bo observed, after first removing the 
calyx, the corolla, and the stamens, as a 'small, groenisb, 
elongated body, seated at the middle of a flat thalamus. 
Ihe lower part is inflated into a chamber (ovary), vpp*ir 
slender portion is the style, and at its tip is the stigma. 
Ine ovary may be split open and the ovules may then be 
brought to view. When the ovary matures, it forms the 
well-known Pea-fr\«t (see fig. 67. L), the ovules in the 
meantime having developed into seed. 

> . A U 
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The tbalanmi is elongatiedf eoniiMj, or topishaped ip the 

. . ^ 

Lotua and the Ohampaka, J«t >n Io the Bc^ jit Ja 

holl ow and bowl-a hapg^.(t. fig. are 

oonoealed inciide t^gs, while from the rim or the margin of 
the o^pim^ arise the sepals, petals and stamens (S). 

I|[ a typical flower, then, we ha ve four^se ts of organs, vi»„ 

J.!®™®!!!?.. and the carpels. The 
sepals protect the young flower-bud, the petals ~ attract 
insets whSiTWe” fiower is opened, insects coma and take 
away the poikin*grains from the anthers and deposit them 

^ t Sk • ' • •• • ' / I * % • A. , *» g 

on the stigma. The s tomens are re^rded as the owe 
organs of a flower, the carpels the femaln. Xbfi. 
stanoe is contained in the pollen*grains, the female element 
inside jAe...av4ilea. When the falls oo the stigma, the 

two (male and female) elements unttei. and the result ij that 
the ovules are fertilised, dn oonsoqueu^ they 




A B C D E 8* 

Fig. 160. Ay a typical DIoot flower with one whorl of siamens. B, 
floral diagram of satoe. C^a petal. D, a stamen with the anther at 
the top shedding pollen-graiiis. B^a oar^i, the lower swollen part is 
the ovary inside which are the ovules; at the top of the ovary is the 
style and the round tip is the stigma. F, the ovary out croes-wise to 
show the cavity. 


seedsy and the ovary matures into the fruit. The following 
table givett a sumimiT.— 

I. THoIoiniu— the axis or 8t«n of the flower, bearing 
t. the fleral Itauts 

(s) t he iM^y j^coneiBting ol green covering leaves, or sepal* j 
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« 

(b) t fag ctmfUa conaisting of coloured leaves, or petals; 

(c) the andrmcimt consisting of the stamens; each stamen has 

i, a stalk, called at the top of which is 

ih a chamber, called fl/rtfafr containing pol en-grains ; 

(d) t he consisting of carpels ; it has 

i. an otury, a swollen chamber at the basci 
ii* a and 

iii. a sAgma. 


The stamens and carpels, the male and female organs, arc also calleil 
the ess^rmal organs of a flower, for the mam function of a dower 

, “ **^l ^iurr —fc« - A ^ ^sirrt ^ •-• w* i •> 

is to produce'^ds and this is not possible unless the two elements 
unite. The sepals and petals may be entirely absent, as in the minute 
tlowers of the Kachoo (tig, 139, f. f], and so are regarded as uoa-essen- 
tial 

The flower is a modified shoot. —The flower is a special kind of shoot. 
Its stem or axis is the thalamus which is generally not elongatetl, for the 
internodes are undeveloped. The floral members, sepals, petals, stamens 
and carpels, are special kinds of leaves, the last two greatly modified 
to produce certain bodies called sporas^ and hence they are also called 
sporophylls or spore-leaves. The sepals and petals are much less 
modified, and are known as anth<^fyUSi or flower-leaves. The 
pollen-grains are the spores of the stammal leaf, and inside the ovule of 
the carpel-leaf is formed another kind of spore. A flower bud, like a 
foliage bud, often arises in the axil of a special leaf called bract. Thus 
the modified shoot, the flower, 


(a) arises in the axil of bract leaves or f^psopfgfllsr and 

(B) consists of— 

1. an undeveloped stem, called ihalamus, and 

2, floral leaves, of which 

3. the outer protective (calyx), and attractive (corolla) 
leaves are called anthopf^USi and 

ii. the spore-leaves, or the stamens and carpels, are sporo- 
ptylls. The above view' of the morphological character of the flower 
is supported by the following facts ;— 

1. A flower bud, like & foliage bud, often arises in the axil of a leaf 
(bract). 

2. Like foliage leaves, the floral leaves also open giadnally from 
below upwards, or from the outside i acropetally ; sepals open before 
petals, petals before stamens, and so on. 

3. The floial leaves, especially sepals and petals, are arranged on the 
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thalamus much iu the isame plan as leaves are arranged on the stem 
(phyllofcazis). In some flowers, as in the Champaka (hg, 157), tho 
floral I^ves are in spires on the ihalamoB, ftho arrangement is 
spiral, in others they are in whorls. But the whorls regularly alter- 



Fig, I6l. Staminal leaves of Water-lily. Fig. 1(53. A proliferous 
A, a petal; 1^—G, stamens. Pear. 

nate; that is, petals stand in the intervals of sepals, stamens in the 
intervals of petals, and so on. Such alternation Is also found in the 
case of foliage leaves (sec p. 74). 

4. In some flowers, a s in thq ar.* 

fiat and leaf-like, or .lather, like petals. The outermost stamens (tig, 
161 B) look hke petals, gradually the inner ones (0—G) become 
smaller and smaller ending Anally with the typical slender Alament and 
large anther. The sepals and petals also exhibit a similar transition. 
The outer sepals are quite green, those inside are partly coloured, am! 
then come the coloured petals. The inner petals become smaller and 
smaller and then pass into the stamens. This shows that they are all 
modifleil leaves. 

5. In many cultivated flowers, the stamens and carpels are trans¬ 

formed into petal-like leaves. This is seen in wbat are called 
flawm^s double Rose, double Jasmine, doable Java, double 
Sthalpadma (the changeable 'Rose--Mlbiscus double Pink, 

etc In cultivation gardeners try to produce by artifloial means large 
flowers ^Vlth raote immcrouSr petals than in the natural flower. This 
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sHows thkt ondtft certain otrounaisUinoeB thfi statasna may I'cvcrt to U»ir 
fandamental oharaoter, £«., ieaToe. 

•i 

6. Sometimee prvWkafmSf or abnormal ^rovrtha, ooenr tn a 
flower. For ixutaiioe, in some cnltivated Datara we observe several 
Qorollae telescoped into a flower. This can be explained by supposing that 
floral leaves, like foliage leaves, are capable of prodaoing axillary buds 
which may develop into flowers. Similarly a fruit inside a fruit has 
been ^een in the Papaya, patol iTndtosm^s dftreah and other 
plants, Figt 162 . shows a shoot at the top o! a fruit, formed by tlie 
proliferous elongation of the thalamus. 


Monocot and Dicot flowers differ mainly in the number 
of floral leaves in each whorl. A TYPiOAn Monocot flov^r 
has ft whorl of three sepalsi a wlioi^ of three petals, two 
whorls each of three stamens, and a whorl of three carpels. 
There are hve whorls each of three membem. and so the 
flower is called trimkrous pentacycltc. Such a typical 
flower is however rarely met with, for the sepals and petals 
often unite to form a single whorl, and the andraecium also 
forms a single whorl of six stamens. This may be observer! 
in the flowers of Onion. Crinum (Sookhadarshan), Lily, 
Gladfolous, etc. A typical Dicot flower has, on the contrary, 
five members in each whorl; i.e , there are five eepals, five 
petals, two whorl each of five stamens, and a wborl of five 
A typical Dicot flowM .^na!> Js Pg^AI^ 
PENTAOYCLic, as shown in diagram (fig. 164). Such a typical 
flower is however rare, but may be seen in the garden shrub 
Quassia amara. A commoner in^nce is the flower of 
^RYOPHYLtiUM (Pathur*kuchi) but the number in each whorl 
here is not five but four, the flower being thus tbtramrrous 
PENTAOYCLIC. In many Dicot flowers the number of the 
floral mqm^rs is very largCy being as a rule multiples of 
five, as in Rose, Lotus, Water-iCtfy, Cfiam^^ 

^LEi!»iDi00t ,to 

/.^•t they have two whorls of stamens, the outer standing before 
le sepals and alteimtiog with the petals, and the inner standing befim 
petals (fig. 16B1. In soqte cases this alternation is jdst in the 
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t6vwm. miy» and the flovrer is M^rifi-sumaiums (fig> 164). la 
typical floprers ^the whorls of floral learep legtflarly obtrMIt potolf 
stand in the interrals of sepals, the enter stamens in the intervals of 
the petals, and so on. Klpwers in which there is only one whorl of 
Btsmens (generally 5 in Dioots, 3 ia Monooots) are termed jsgrfo- 


Floial vfiagtane.— Qtonnd-plans showing the relative arrangoneat 
of the parts of a flower are toown as floral diagrams. They are very 
nsefol in the study of the flower, for they show in one view the relative 
position, number, etc., of the floral members. Fig. t63-6o are floral 
diagrams. The outermost circle is that for the sepals, neat is for the 
petals, and so on. A /brat fonmda gives a short rxpKssion for the 
numbers in a whorl. Denoting the calyx by 0, the corolla by P, 
the andrtecinm by St, and the gyneneium by (I, the number dt 
members is phmed after the letters. Thus the floral formula of a 
typical Mduocot tlowei' is Q, P. St, + • 0, ; that of a typical Dicot 
is c, P, et,+. Op. 

•" v> I *«», ‘m < r, ' ■ *' * '•*> f 

Fig. Fig. 164, Fig, 166. 



Floral diagrams of a pentameroQs 
pentacyolic Dfcot flower. 


Floral diagram of a trimerous 
pentacycTic llosooot flower. 


ft 

Cyclic ftnd acyclic flowen.—In some flowora, a.g. 
Wathr-lily, * Lotus, Champaka, etc., the floral leaVes are 
a t^^an p^d nn elongated thalamus. Such flowers 

are termed AOTCLIO, as distinguished form OYOLIO ^jifors, 
ue., those in which the floral leaves are arranged m whobls 
or circles. Cydic flowers are far mOre .ftflmmon, and have a 
lesser .number of floral leaves than in acyclic flowei s. 


•• w /« ft 
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Regular and irregular flowerar—The inembers of a 
whorl are uenally placed symmetrically round the thaJamus, 

, , p.. ^ ^ aeifc • . V* I • « ^ ^ ^ ** eeilw « \ ' '' 

and this gives rise to the symmetrioal appearauoe most flow¬ 
ers liave. A regular or symmetrical flower is teohnioally 
descnSed as’~AOTiN6liiO]ft?l!f0/* Tt" c^^ ciifc into similar 
arid" equal halves by any plane passing longitudinally thro\igh 
the centre of the flower: Lotus, Eose, Java, Poppy are 
examples. Flowers in which the sepals and petals, especially 
the latter, are not all alike in size and shape, are called 
irregular—as in Pea, Bean, Banana, Balsam. Such flowers 
can, as a rule, be cut into two similar and equal halves, alobg 
only ONK plane, and are termed zygomorphic flowera. Some 
flowers are however so inegular that they cannot be out 
along ANY plane into two similar and equal halves; they 
have no plane of symmetry, and hence are called asym¬ 
metrical, e.g. Canna. 

Complete and incomplete flower*.—In most flovrers 
the calyx, the corolla, the stamens, and the carpels are 
present. Such flowers are said to be COMPLETE or PERFECT. 
But in nlaiijf case’s one' or more of these organs maybe 
absent, and the flower is incomplete or imperfect— «.g., 
in Cucumber, Papaya, Couid, etc. Sometimes doubling 
brings about the incomplete stage, e.g., iii the large Boses 
and double Java, whore all, or almost all, the stamons and 
carpels are converted into petals. When both the essential 
organs are abserit the flower is termed neuter. In the 
ita'cKbb family the minute flowers (fig. 139. £) have no calyx, 
nor a corolla, *.e., they are naked. 

Bisexual and unisexual flowers.—In a bisexual or 
hermaphrodite flower stamens and carpels arelBotli pro* 
sent; in a unisexual or diclinous flower, one of these is 
suppressed. An unisexual flower is male or staminate 
when only the etaraena are present; female or pistillate 

carpels are present. 
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may be sees in the Guoiimber, Gourd, Pumpkin, Papaya, 

.rMM MU Hmrt'atOt »« ■ “ '■ **•<•. .A 

Todd|^-jtg4m»7^Dida, .and e»tm. 

'Iiomerous and anisomeroua flowers,—Some flowers 
have equal number of members in the four whorls, m., 
calyx, corolla, andrmoium, and gynoecium. Such flowers are 
termed ISOMRROUS (iso —same, equal). More commonly, 


however, supproc^ioi) or multiplication takea place m the 
floial wborls, giving rise to an inequality in number. ,XkS5» 
in the Java there are 5 sepals^ 5 petal8> 5 carpels> but 
numerous stamens; in the Mustard there are 4 sepals, 4 
petals, but 6 st&mensi ar d 2 carpels ; in the Jasmines there 
are 5 sepals, 6 or more petals, but only 2 stamens and 2 
caipcls. Such flowers which are by far the most common 
are termed ANISOMEROUS. 



QUESTIONS. 

1. Detevibo the paitB of a Uower and the functions they pcii' nn. 
Wlinl arc fhc CKfenlial organs and why arp they bo called ? 

2. Dit-linguiBh betwefn a typical Dicot liowcr and a typical Mono- 
coi flower. 

3. What arc the ronfons for holding that a flower is a roodi- 
fltd shoot ? 

4. Explain with eXamplrs, and iliagraniH where possible : acyclic, 
Kygomojphic, isomcroos, uiiihcxuaJ, incomp’cle, cyclic, asymmetrical, 
Ftaminate, pistillate, actinomorphic, and doubh flowers, 

6, Examine the following flowers, describe their parts, and draw 
floral diaginms ; Roee, Lolup, Water-Jilyj ( hampaka. Magnolia, Poppy. 



CHAPTER Via. 

si ^ 


PARTS OF A FLOWER * 


The tkalamus u the axis of fiowfr ; on it lie the 
floru organa . It ia aometimes also called t&e TOB¥S or the 
RBCBPTACLB. It may bo elongate or opQicali aa in Ciutn^* 
paka_^%. 168); flat or^diac'shaped, aa in Orange; coi)asiy:e 
or hollow, as in the Rose (Fig. 189). Ita foitn determinM 
the inseilion of the floral members. Thus when it is elonga- 

aw*# • ^ ' ' 


ted (Champaka), or bat slightly convex or conieal (Mustard), 
the floral whorls ara. arranged in order one above the other, 

^ % a* • ' 

the sepals forming the lowest and the carpels the topmost 
whorl, as shown in the diagram (fig. 166). Such a flower 
is termed hypooynous. If, however, the thalamus is fiat, 
TOnoave, or cup-ahaped^ the gynoecium comes to lie in the 
centre, while the stamens^are'at the rim (figs.^lflT, 168), the 
flower is termed!pERiGYNOTg.S, e.g., the* Rose (fig. 169), When 



■Fig, 1G6, Hypogynous. Figs. 167, 168, Perigynous. Fig. 169, Epigynous. 

The thalamus (t) is cenical in fig, 166, cup-ehaped in fig. 167, deep 
and ,arn-Bhaped in fig. 168, and hollow and olosL'd at th« mouth In 
fig, 169; o, tho ovary with style aud stigma is aaperior in the first 

three, inferior in the last, s, sepals; p, petals. 

* 

the concave' floral axis becomes odhereut to ^e gynceoium, 
os shown in the diagram (fig. 169), so that the other floral 
leaves appear inseiled on the top of the ovai’y jthe flower 
is J ^IQYNOUS.— ».y. Guava, Jamholan. In the last case the 
ovary is sAid to be infbriok ; in ttie other two it is supbbiob. 



THE PERIANTH m 

« 

In a hypt^noiu flower ithalamos is sotneiinies 

developed ae e long e^talfc lifting one vhorl of &>ral memben 
above another, ' Thui, in the Lotos the thalamoe is large, 
fleshy, and top*shaped at the end and has a nomber bf 
carpels separately imbedded in it; such a thalamoe igtormed 
the oy^O PHomfc ,., In orange the thalamim forme a small 
disc or ousbion on which lies the ovary; this ie termed ti^e 
OTNOBA8E. Ilie elongated stalk interposed between the 
stamens and the corolla, as in Gi/nandropds jMntaphpUx (Seda 
Hurbaria), is sometimes termed the andropbors; while 
the stalk lilting the corolla above the calyx, as in Pink, is. 
the ANTBOPHORB. In some flowers, as in the Oyntmdr^psk 
and the Kanakchampa (PUrmpermum aoerifi^mX the ovary 
is borne on a long stalk, and is hence described as stipitatb. 

a 

The perianth is the term applied to the enter envelop¬ 
ing leaves (anthophylls, p. 96) of a flower. In the great 
maiority of flowers it consist of two series, the calyx and 
the corolla. But in many Monooots, as in Rajanigandba, 
Onion, Crinum, Lily, Canna, Banana, etc., the calyx and 
the corolla cannot be distinguished, all sepals and petals 
being alike and forming a single series. To this the term 
perianth is applied. The leaves of a perianth is polypbyl* 
LOUB (poJy—many, free, phtftlomt=\eai ); when united, it is 
GAHOPHYLLOUS () 7 aTOo=onited). In Ganns, Ginger, Onion, 
the perianth is polyphyllous; in RigeGiBmidha, Crinum, 
Banana, it is gamopbyllous. In some Dioots the corolla is 
absent and the calyx alone forms the pprtanlh. Thus in the 
Four o'clock plant (Krishnakali) the oaijx forml a coloured 
gamophyllous perianth which looks like a corolla. In ^e 
Cock’B'4»mb (Horugphul) the perianth consists only of five,"* 
dry, coloured scale-like sepals. The term pbrioonb Js 
aomeritnoe applied to a eoloured ooroUa*Iike oalyx. 

, R typical flower in which both the calyx and the oorolla are 
described as dicblamydeoas (diwtwo, cfaiamydoB«seoat), A 
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fiowor with only one series of perianth leaves, generally the calyx, as 
in Cooks'-ooD^b, Foar-o’olook plant, Natyashag (Amarantos), etc, le 
called monochlamydeoas (tnonosone). Fiovrdrs in which the perianth 
is entirely absent, so that only stamens or pistils constitute the flower, 
ate described as naked or achlamyd^oos (aa act). For instance, the 
upper flowers (f) of the spadix of ULaohoo (tig. 189) consist merely ot 
stameiHi, und the lower flowers of only a single overy, fluch naked 
fioweie are also found in other plants of the Kachoo family, in the 
Betel plant, etc. 


The balyxi the outermost whorl of floral leaves, serves 
rotuuly to protect the flower while it is in bud. Its leaves, 
termed septls, are, as a rule, sessile, and may be either united 
or free. In the former case the oalyx is called gascosbpalou 8 ; 
in the latter it is polysbpalous. The number of sepals in the 
calyx varies: e.g.t two in the Poppy (disepalojus), three in the 
Custard-apple and in Monocots generally (trisepalous), four in 
the Mustard and Lotus (tetrasepalous), and flve generally in 
Dicots. It usually falls away or shrivels up after the ovary 
is fertilised by the' pollen but in many cases it persists 
and forms part of the fruit. A pbrsistent calyx may 
simply form a thin bladder-like covering of the fruit, as 



Fig. 170. Irregular flower of tfae 
Garden Nasturtium, c, the calyx 
with spur s. 



Fig. 171. Ligulate rayf^floret of a 
capitulum. co, corolla; CA, calyx, 
ST, Btamens with e^ngehesKius 
anth^; ov, the infeilor ovary, >., 




iWftlS QF CALf Jfe, 

in tfc» ’F«ak or lfe« Oape-giwwebsrry (Tepiri), when it h 
onilet} ' AOOkBSQBNT, or may^ form the thick pind fteshy 
portion of the fruit, as in (Ch^ta),. when it is 

oalled icAitci^BNT. A simple persistent calyx is seen in 

' ^ ' I ^ 

the JBnniid and in the Datura fruik Ordinarily the calyx is 
DBCBDtTous like the corona, but in Poppy it falls off as soon 
as the flower-bod opens, and then it is termed caducous. 

Forme of calyx-—A calyx may be either regular or 
irregular. A regular calyx may be TUBUbAE or like a tube, 
9 9JL MU^ed. An irregular- calyx may be 
BiLABTATK (two lipped), SPURRED (fig, 170) Or provided 
with a long pouch or beak-like process (Balsams); eALBATR 
or hooded and arching, (Aconite). In some eapitula the 
flowers have a dissected calyx, there being a tuft of long 
hair-like segments on the top of the ovary (A, figs. 176, 178). 
These are best seen in old eapitula where the flowers 
have withered and small fruits are formed. The whorl of 
hairy segments representing the calyx is termed the PAPPUS, 
the calyx itself being termed pappose. 

Pig. 172. 



Fig. 172. Papibo&a- 
ceoDH fiow» ; to the right 
the floral diagmin. A, 
the Tezillnm ; 0, the al» 
or wi^. 

Fig., 178. Craoifortn 
flower ; to tbt; right the 
fl4^1 diagram. A, the 
eerolta of foar petals 
arranged in the fe^ 
a oroM ; C, the eatyx. 


Fig 178. ^ 

Sepals are, as a rule, sessile and exstipnJate, but in the 
Bose family the stipules of the sepals form ' a whorl below 
.t^ calyx. This is called the IpiOALTX. In the ^Java 

' * ' na) ■ . 
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A 

and Ccirt;too family them is a whorl of green bracts jast 
below the ^liljrx; this is also called the epioaljrx. 

The corolla, consisting of the petals, is the most attractive 
arid delicate part of the dower. It is, as a rale, oast off 
immediately after fertiliz lition. It msiy b e gpLYEfitiLLOi^s, 
with petals free or . aaMpPBTAriQna. with petals united. It 
is regular or irregular, according as the petals are all jljke in 
form and sise or not. It exhibits a great variety in shape and 
form, all of which are devices for inviting different insects 
to the flower. Sometimes its bright colour alone serves 
the purpose, sometimes a sweet scent is emitted, and often 
sweet liquid or honey is secreted at its bottom. In some 
llowei's a special sac (fig. 170,8, fig. 178,0,) called liBOTARY, 
is formed for collocUng the honey or nectar which is an 
additional attraction to the insect. The object of the insect* 
visit is to carry the pollen from one flower and deposit it on 
(ho stigma of another flower. This is called poltjnation. 
The main function of the corolla is to bring about (>ollination. 

Petals are, as a rule, sessile, but in some eases they are 
stalked. This may be seen in the flowers of the Jaiml tree 
Fig. 174. Fig. 175. Fig. 176. Fig. 177. Fig. 17S. Fig. 179. 



Fig. 174. Bilabiate corolla with lips B, B ; A, the calyx. 

Fig. 176. Personate corolla—thioat closed ; C, «por ; Athcc.'ilyi; 
Fig. 176. Ligulate corolla—A, the pappose calyx. 

Fig. 177. Campanulate corolla C ; A, the calyx. 

Fig. |78. Diso-floret-of a capitttlum ; B, the tabolar corolla ; A, the 
rappnS. Fig. t79. Urceolate corolla B ; A, the calyx. 




Fhs^gfmaf), ^ , Heiu» 

|^«es0i»ui Iim 0 rmis), the Pink, ^ The etaik & called 

< i t ' 

tki XJNOUis, and atalkod petal i» oaUed URGUiouLaTE. 


in Ute Pawioir^owdr tke corolla, bears a eirole iof baii7 W- 
grovtliB Irotn its surface which renders it highly attraetdve, 
Such an outgrowth is called a coEONA. 



t RBOULAB.- • 


1. Cmatform o r ; & corofla of f^nr petals witfa a abort staik 

and limbs spreading in the form of a cross. Kx. Mastaid, Radish. 
J'ig. 178. 

a corolla with five roundish and spreading petals, 
as in the Roae. , . , * ^ 

8. Caiyof ^ttaeeou s : a corolla with five long-stalked petals which 
spread out their lobes above and are enclosed below within a calyx tube. 
Ex. pink. 

LUw^ggs : a perianth of &lx leaveis so formcfl as to look u 
narrow funneU £s. Lily. 


11. IRREQULAli.— 


5. PapilumaceOHS it is the iK^culiar butterfly-like corolla of tlic 
“Pea family. It consieLs of five petals : one large, termed the vexiilum 
or standard (fig. 172 A), which oveiavcbep two lateral petals, which 
in turn partly overlap two lower petals fused to form a smali boat- 
shaped Btructnrp, This Jailer is called the ke 0 l or ctfrfeo, and cnck)8C£ 
the Btamcna and the carpel; the two iatemJ. petals (€) are known ae 
the o/<r or wmiS- 


F ongs of Gamo petalous corolla.— 

Cto* ms0MMWM(taWMMMMIlMH»*niSM.i IwMmiiui.h ■ 

h REGULAR.-* 

1. TiAukir : a lubedike corolla. Kx, Bangunffig. 160^ 

3. RESIST u corolla without any tube but epreading widely from 


the ver^Tiaw. Ex. Brinjal, Potato. 

3. Camp 0 nulat 0 or bcll-kbaped*; a corolla rounded at the base and 
gradually expanding so as to look like a bell (fig. 177), 

4. 9^ funneJ-slmpcd, as jn-Daluia, Tobaceb. 

6. salver-shaped : a ooiolla with a long narrow 

tube and five lobes spread out like a sauGer. Ex'. Vbtect (Nayantaia), 
the Jasmiaqs. 


6* ^ boroUa swollen at the middle, narrow at the base, 

axid contracted at the mouth, as in ifig, 17fi}. 



im 


JJOTacNY 




'{&KB 



II. 

U Ufgttldf ot arif^sktvwf' tk ocuroUa tnbolar aftd ndrxow at the 
blM aiicjn^li^Sfed out qa^ at the top. ^e tube ^appears to split 
open at one s^ and Fpreads oat a long tongue. It looks }fke a itngle 
petal but there arc notches at the tip of the flat limb indicating the 
gamopetalous character. Bx. the ray-florets of Bcnflbwer^ Zinnia, etc. 
Fig. 176. 

X or MoMzfs = ns irregular corolla, ^itb two lips. Ex, 

Today (THe ; BakftiUi {A^Btatoda vaskd). The upper and lower 

lips are notched, indicating thd number Of petala they arc made up of. 
Fig. 174, 


3. t a bilabiate coroils with two gaping Hps, 

4, /hrscff^g: a bilabiale corolla with the throat or opening closed 
by a pipfcctioft of the lower lip. Ex. Antinhinuniy Toicnia, Fig 176. 



Eig. 180. EpigynooB Hover of Enugun Fig 181. Flower of Datura 
(/xom>, cut’leiticBiIj ; the ovsry inferior, cut vertically, bhowing 
the tubular coiolla superior. tlie plaited coroUa, 


istivatioTi) or the manner in iwhieh the ^ral leaven 
(sepals and petals) are relatively arranged m the bud, is 
called :-»• . ^ , 


T 
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1. yALVAiJfajgfefiiil 3!4e inargipa ^paip poMb 

itter(^totieb tind do ovorlAp. as iP tbo oalyx o|,,€pt(oo an4 
'^vu, tSie petcde of A1(»nda (tbe Madarr- Cthtwpis gi 90 l^*e^, 

2. Imbricatx, when tbe na^gins oterlap, as in tbe corolla 
of Boae. Thelberm is loosi^y used lor ai^ aort ol overli^pit^. 
"‘Tr CaKl%>ittm 00NV0LUT8 of TwiSTTO, w^en e^sep^ 
or petal IS overieppra o&i one side and itself OTerlape anotiier 
byltbe other side, so tfa^ the whorl ,(oalyx or corolla) eeenis 
twined, fix. the petals of Java, ^otton. 

pef»lQr.oojoUa:to 

petalous corolla) is folded along the median,' lihe a,.no|f' 




V M 1^1 


I « i 





i ' ■ 

•T- ■ :<«. j . 

Pig. 18?. VexilJai^ afsti- 
vatjon of the flower-bud 
of Pea. C, the cal^x; 
V, the vexillum ; W, the 
two wings ; K| the karina 
or kec]. 


rppet* This may be seen % 
Datura (fig. 181), MorninfTglorir 
and Ipoitmas, where the plaited 
ooroUa-lobes are convoluted, so 
that the corolla is twisted. The 
aestivation is hence called 
PLAITED CONVOLUTE. 

6. Vbxillasy, in papilionaceous 
flowers, as shown in fig 182. The 
large standard or vexillum 
almost covers the other petals ; 
the WINGS overlap or. ecanpletcly 
cover the small hool or karina. 


QUESTIONS. 

K Describe with diagiams the structure of a hypogynoua, a perigy* 
nous, and ftn epigynous flower, Oive examples. 

2- 'What^.^pre the following and where do you find tlJC|n ? an<^ho- 
phore, gynobase, perigone, pappus, epicalyx, corona, androphore, nectary, 

3. What is the function of the calyx f Qive examples of cases 
where the calyx persists and forms a part of tbe fruit* 

4. Examine the following flowers, and describe their o&lyx and 
corolla with reference to (A) form (b) insertioB, ,{c) mstivation 
Balsam, Bose, Sunflower, Pea, Potato, Datura, jasmine, Water-lily, 
Poppy, Mustard, fiJucumb^* 

5, Name tb<e v^jioas forms of 

6, Of^rlibe the various ways 
tbe bud 


gamoTOtaloufl oorolla., examples, 
in wmob floral leav^ i^ disposed in 



CHAPTER IX 

r * 

THE ESSENTIAL ORGANS, 

When the stamens and the carpels are both present the 
flower is bismtal, hmrmaphrodite or moiuxMno^. When either 

is ahseiit the flower is untstmual or dieUnotu. If Staminate 

) 

and pistillate flowers are borne on the same indiridnal 
pwotitis monoteious (mowB onei = house, in the same 
house or plant), e.g., Cucumber, Gourd, Melon, etc. If they 
are on different individuals, so that one plant bears only 
the male (staminate) flowers and another only the female 
(pistOlate), the plant is dicechus (di^two), Pafaw, 
Toddy'palm (Tal), Patol (Trichosanthes dioka). Flowers are 
said to be polygamons when male, female, and hermaphrodite 
flowers are all borne on the same plant s.p., Mango. 

The andreeciuna, or the whorl of stamens, stands 
below, arpund, or above the ovary according as the flower 
is hypogynous, perigynous or epigynous (see p. lOS). The 
term is derived from Gr. andria <= man, the stamens being 
the mate organs of a flower. A flower is monandrous, 
when. it has only one stamen (Canna), diandrous, when 
two (Jasmines), triandrous, when three (Wheat), tetrandroun, 
when four (Rangun), 'pentandrms, when five (Brinjal), 
hetandr<msi when six (Rice), heptandvouf, when seven (Asoka 
—Saraea ifidiea) ocfandrous, when eight (Henna— Lawsonia- 
innermis), entuiandrout when nine (Tejpata—laurus mahhari- 
eum), decandrous when ten (Neem), , do-decaadrous when 
twelve (Dhau— Woodfordia flor&iunda), and polyandrous when 
it has ihumeixyus stamens (Rose). 

When the number of stamens is equal to or some 
multiple of the number of petals, the flower is isostemonous ; 

^ » , I sMiii II I* 

when the number is different, usually less than the petals, 
as in irxejgillar gamopetalous floweie, it is ^ieostamonous. 



THE Airim^EC^ait 


lit 


4-l9»ia!Wil»».iwo Jif J tha ttaik o r fiiamntmad 

tha ohaatbar oaHod <2i^4r/v,.I^,9.|.wo it coasted by a prc^ofia* 
tion of 6he fllatnont oalled the in torn# flowon all 

Fig. 189. Fig. 184. Fig. 185. Fig. 186. Figs. 187, 188, 189. 



Figs, 183, 164. Moatdelphous stamens. Fig. 166. DiadelphoBC 
stamens of Pea. Fig. 186, Syngcnesioos aucheta of five staioens. Fig. 
187. same of three stamens. Fi& 188. A single sinaoiu aatbei of G^rri. 
Fig. 189. Cioas section of the syngeaekious stamens of Qoard\ 


or some of the stamens are sterile, i.t., they Have no anthers; 


oohsequeribly' they have no 
stamens are called sMMinodes. 


mala functiohr" SublT sprite 
Stamens are described — 


1. Didynamous : when there are four slamebs in 
two pairs, one pair shorter than the other ffig. 204) 
— e.g,, Toolsy, Til {Sescmum), 

2. Tbtradynamous : when there are six stamens 
of which four are long and the other two short, as shown 
in 6g. 20fi—sr.y., Mustard, Radish. 

3. Monaoslphous : when the filaments cohere to 
form a single bundle or tube (round the pistil when 
present), while the anthers are free, as shown in figs. 
183, 184,— e.g.. Cotton, Java. 

DiAEfgLPHOUS : when the filamer^ unite to form 
two distinct bundles, as in Pea, where of ten stamens 
nine form a single bundle, and the tenth is free (fig. 186). 
So we may have iriaielphous, pmladeipktus, (Silk ootton 
—Simul) eto,, stamens. 

6, SYKQBHBsioug: when anthers of a whorl of 
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-iDiAeto to form a tab^ (aarroanding the Atjfle #bdn 
ptoseut) wiiila tfee fllamenta are free (flga. ISO, 187,)—ie.p., 
Snnfiower, ^unia, Marfgold, Goard, eto. 

6, Qtnakdeotts : when the ^tomens are borne npoii 

the pietil, ae in On^idlu ^ , 

« ' 

The filament is, ea a rale, veiy slender and thn»d-IHEe. Bat in some 
oases >t is expanded or &itte^ed, as In the Water-lilies and Canna. {a 
the latter it Is like a p^tal with a small yellow anther at one mai^gin. 
Saeh a stamen is desoribotl as PeTAnoin. 

The ftRdter, oomntonly regarded as the blade of the 
starainal leaf, may be imagined to be formed by the 
Fig. l»0. Fig. 191. Figs. 198, 193, 194. W6, 196. 



a 

Fig. 190. A. staminal leaf showing formation of anther a ; hg. I9l. 
the same showing the formation of a l-oelled anther, a; Fig. 192, innate j 
figs. 193, 194, adnste or dorsifixed ; fig. 196, versatile anther (a). Fig 
198. Unilooular anther (a) dehiscing transversely 

infolding of the margins of a leaf towards the midrib, as 
^own in fig. 190, ». In this way we get the typical 
(400 ceded anther with the midrib as the oonneoliv'e. 
The chambers, called pollen-sacs, are in their early stages 
divided into two by a partition wall stretching from the 
connective to the other side, as shown in fig. 191. The 
you^ anther is thus fonr-oelled, but as it ripens the 
parlfritm walls break off and it becomes two-celled. In 
Ooditou, Java, and other plapts of the family the anther 
ds only; eoe^elled (fig. lih), A pieonliar form pf wnther 
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ig seoD in tlie Cucamber {|u»ily where it is long» siatfougi 
folded and. oae-celled {figs. 188, 1B9)- When mature 
the anther burgti and discharges the pollen-gnuna. 


The o( dehiscence of the anther are :— 

1, L&ng&m&iiitt the antber-eacB buret along vertical lines, 

o&aally two ranning tl^ whole length from toi) to bottom* This is 


most common. 

2* Transt^rUt /.r, along a transverse line, as in the Cotton 
family (fig. 1961, 

3. BwuSf I'a, through smaU openings co* pores formet) uaaally 
at the top of the autbern, as in Potato, BrinjaJ, 

4. Valvutart !.«•, through small valves which open out like 
wiiKlows in dry weather and Hap down and close, the opening in moist 
weather, as m Gmnamon (Dalchiui)—fig. 206. 

The attachmont of thj auchcr to the filament is called.—(1) 
or dorsf/ixedi when tife filaineut is attached to the back of tlie aliiier 
so that it is immovable; (2) innate or basifiked^ when the anther 
is at the top of the filament so that the anther-lobes staml on two 
sides of the connective; and (3) ifersatHit when it is attached at 
only one point so as to swing freely from the tip of tho fUament, When 
the anther faces the centre of the flower, it is said to be intrvrse; 
when if. faces the petals, it is extrorse^ 


Fig. Fig. 198. Fig. 199. Fig. 200. Fig. 20l. 



Different kinds of anthers and frlaments. 

Fig. 197. Anthers of CncdO- Fig. 198. Stamen of Aconin^ 
Fig.. 199. Autiier of Mirtd^Sis (KHshnakali), Fig. 200, Branched 
stamen of Jitdxus (oastor oil) Fig. 201. Flat stamen of Onion 
iAldunt) with appendages. 

Pollen^-grains are usually granular, and may be dry or 
sticky. They vary much in size, form and colour. Some 
are shown in figs. 202-3. In certain plants* #.p., the Orchids 
and in plants of the Akanda (Caloiropis gigantea) family* 

all the grains of an anther-sac are aggregated into a single 

( 

mass called » polUnium. 
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A pollen grain has usually two coats: ui outer {nrotootlye 
coat, called the esltns. which has peculiar oufegrowi^ such as 
spines* ridges, etc., and an inner thin wall, called the snhift*. 
When the pollen falls upon a suitable sti^a the^ ioUne 
swells and comes out through the thinner parts of the extine 
as a tube, called the poUen-tube (flg. 215). The grains of the 
Cotton, Java, and Cucumber (fig. 202) are very large and nu|y 
be seen with advantage under a microscope. Pollen'grains 
are easily destroyed by moisture. This may be observed 
Uiuler the microscope by placing a drop of water on dry 
pollen gathered from .an old fl iwer; soon the grains burst 
and discbavgo a frothy matter. 

Fig. 202. Fig. 203. ' 



Pollen of Cncamber. Various forms of pollen'graiiu. 


' The g 3 moecium or pistil may consist of one or more 
carpels. It may be monocarptUary, dicarpellary, tricarpellary, 
Mracarpellary, and so bn, aooording as the number of carpels 
is one, two, three, four, and so forth; it is polyeurpellary, 
when there are many carpels. It may be either when 

the carpels are separate and free, or compound, when the 
carpels are united together. In the first the gynoedum is 
apocarpous, in the second it is tyncarpous. The essential parts 
qf a gynoecium are the ovary and the stigma. Ibe style 
is usually present, but it may be absent so that the stigma 
is Mssih, as in Poppy, Ohalta {DUltnia), WateHily. 

or the carpellary leaf must be supposed to be 




■te Gyiioib#M ufi 

f0ld«i3 OQ itfdf ao iiuifjE^na niMt* as sbown dbiiltiina* 

malM^ly in figs. ^7. 809, SH. Th« oToied chunber so 
fomad is tibe ovaiy; the prolong^ion of the tip of the leaf 
is the style, and the apex develops the ^gma. In a mono- 
oarpeUary gynoedan, as in the Fes fantily (Pea, Bean, Pnlses, 
Aoacia, Tamarind, etc.,) there is only a single carpel fdded 
described above. 

Fig. SMH. Fig. *06. Pig. «06. Pigs. 207, *08, *09. 



Fig 201. Did^namoDB, iig. *06. tetradyoamoDS stamens. Fig. 206. 
Valvular d^iscence of anther of, Cinnamon, Pigs 207. A carpel leaf 
forming the ovary. Figs. 208 and 209, the ovary cut opea to show the 
placenta. 

Apocarpoue gynoecium—When there are "several 
carpels in a flower and they are all free and separate, so that 
each carpel has its own ovary, style, and stigma, the pisiil 
is called apocarpous. Thus in Cba^paka and Magnolias 
there are numerous oantels in ope flower, and they are 
arranged spirally on an elongated thalamus. In Rose the 
hollow Urn-shaped thalamus contains a few separate carpels. 
In Lotus the top-shaped thalamus has several small carpels 
separately imbedded in it. 

Syncarpoua gjmcecium—results from the union of the 
carpels of a flower ; it has usually a single ovary but the 
styles and stigmas may or may not unite (fig. 21,0). Where 
the union is complete, the pistil has a single ovary, a smgle 
style, and a single sti^nm; ^ere partial, it may have a 
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liiigle ovary with separate styles aiid stigioasi or a single 
style ax)d stigma and separate ovaries. Thus in Palnui the 
pistil is composed of three carpels but they are united to 
produce one ovary, one style, and one stigma. In cotton, 
Java, and other plants of the family there are five carpels 
united to form a singlo synoarpous ovai'y but the style at 
the top has five or more segments, each l^earing a stigma. In 
Akanda {Caloiropis gigantea), Nayantara {Vinca rosaa), Karabi 
{Nerium odomm), and other plants of the family, the stigmas 
are united but the two carpels form two separate ovaries. 


The placenta is the tissue in the interior of tho 
ovary on which the ovules are borne. It is usually 
developed inside the ovary on the united margins oT 
Kig. 210 . Kig. 211 . the carpeHeaf (see figs. 209, 

212). Where a single carpel 

I n fl forms the ovary, as in the Pea 

11 h w family and in apocarpous pistils, 

// ^ jW j|^ the two united margins of 
! // carpel-leaf usually l>ear 

■X H// ovules, i.e., the 

vL* placenta is double, one belong- 

^12. Fig. 213, Iq 




ing 


a c 





m-o 


margin 
1 (fig.209). 
This may 
be easily 
seen by 

Fig. :il0. A Fyiicaii>oii6 pibtil of iLice caipelH, styles free. t^ng 

Fig. 211. Carpel JcavcB formirg a byncarpous pistil. anunHpe 

212, Unilocular ovary j p, placenta, o, ovules. p f v 

Fig- 213. Bame m ctosB-section. truit. 


The pla* 

ceuta , here • ifl in the Tuargim or margimah Tho part of 
the carpel beailitg the placeiitaj i.e, the united margins, is 
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called the wnsr or ventral suXure •, while the outer or dorml 
suture corresponds to the midrib of the folded carpel. 

i 

The simplest ease of a synoarpous ovary is where 
the margins of the contiguous carpel-leaves unite aa shown in 
fig. SI I, so that a um-locuitw or ovary is formed. 

The placentas develop where the union takes place and their 
number generally indicates the number of carpels which 
n)ake up the syncarpous ovary. The placentas are here 
parietal, i.e. on the wall of the ovary. This may be seen in 
the ovary and fruit of the Papaw, Pumpkin, Musk-melon 
(Kharbooj), Passion-flower etc. The jdaoentas in these 
iiistaucos ai'o vertical ridges on the inner wall of the ovary, 
corresponding to the contiguous margius of the Mrpel-leaves. 
In some oases the whole inner surface of the ovary develops as 
a placenta bearing numerous ovules, e g.. Pansy, Water-lily. 

In other syncarpous pistils the ovary is divided into 
chambers or cells, and it may be two-celled, three-celled, four- 
celled and so on, iiocording to the number of carpels, each 
carpel ourresporiding to a single coll. The marginal portions 
of the carpel-leaves folded inwards meet in the axis, and the 
placentas unite so as to form a single central column. This is 
shown in fig, 210. The placoiitas here are c«n/ra/or a*i/r. 
The piartitioiis dividing the ovary into cells consist of the 
united oontiguous portions of the walls ol the carpels, and are 
called dtffepimentf. These are necessarily composed of two 
layers which often separate in the ripe fruit to scatter the 
seeds. The ovary or the fruit of the Red-pepper (Lanka) is 
tvvo-cellod with an axile placenta bearing numerous seeds in 
each coll; that of Canna, Palms, and the garden Lilira, is 
three-celled ; that of plants of the Cotton family is often five- 
celled, and so on. Sometimes a false dissepiment stretches 
from the dorsal suture to tho oenti’e oi each carpel, dividing 
the oell into two. 

In the Pink (Dianthus) and soiino other flowers, the ovules 
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a«i»e on ft oftotiftl oolamn wliioh springa ftom b^e of 
tiio ovary fts ft peg-shaped pTojaotiicMi bat is nOI attadbed to 
ihft walls. The placentation is said to be /re* etttlrci- An ex* 
tremeiy simplified ease is where the ovote arises from the 
very base of the ovary; that is, where the plaoenta is basal as 
in the Sun-flower family. The following is a summary— 

PtaDwnMioii, or the node of dietrlbatfOD of plaoentM. 

I. 4 to 5 fftwf. M in spocarpooB ovary, Pea. 

3. AxBs, as in ^ncarpons 3 or more celled ovary, «,y. Java. 

3, Partitatj as in synoarpons one.celled dvary—e.y. T^paw, 

4. /Vftt'Ctsfrvl, aa in one-oelled syncarpoas ovary with a free 
oolnmnar plaoenta from the base of the ovary, . Pink. 

6. Basal, one ovule arises at the base of ovary, e.y. Snnflower. 

♦ 

The style proceeds from the top of the ovary and is 
traversed by a narrow canal which leads to the chamber 
of the ovary. The inner surface of this canal develops when 
mature a tissue which ends in the placenta below and the 
stigma at the top. The pollen-tube formed on the germina' 
tion of the pollen grain on the stigma pasBOs through this 
tissue. As a rule the style is at the top of the ovaiy, i.e„ 
it is tarminal. Sometimes it is displaced on the side of the 
ovary* n»d is then lafaral ; when the displacement is greater, 
the style may arise from the base of the ovary, i.*., it is 
basal. In the Toolsy family it appears as if the ovary were 
depressed in the centre, end the style rising from the 
depression in the midst of carpels seems to come from the 
thalamus ; such a style is termed gynobasic. 

The edgnna is the termination of the style- It consists 
of a loose tissue, and secretes a viscid matter which detains 
the pollen and causes it to germinate. This secreting tissue 
is the true stigma, but it is more commonly distinguished as 
the raeeptiva sp<A, while the divisions of the style on wbiob 
the reoei^nve spot is developed are called the stigmft. The 
divisions of the stigma often mark the number of carpels 
wbid} compose the pistil : ^hns, in Jftva the five-fid stigista 
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indidates fitro <mri»el)i, in ^wguD and SnajSciver tbe, ^4M*i!d nr 
h^ii sbicpna {ndiisa^ oarpe^» in Gntmatber tiifii. 
stigma indicates IIitm earpeb* and so on. Sometii;nei« as tri 
Grasses and tsereals, tJie sti^ina of a wi^ile carpd beoomfs 
ftcAhety or disseiM, A simple rounded stigma is called 

capitat*. 
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• fOT ON WHICH FOLLtH 


AOtLAN-tUMt. 

MlCAO^YLS on THS 2l6» 

OVilLA IHAOUaN WHICH 

iHft noLUSN-TuoB lo fiwi a 

rAMiHa. pollen. 

ftHBRVO^AC COMTAI^MNa tH« PgMALB 
•UBBTAHea" *'0VUH'* WHICH IB AOtHa 
, T» B| IWRTIUMD^ 

NUCSLLUB CONTAIHMC TH« tHORrMAC 
OUTIB, AMD ii 

INHBn WAALS OP IMW OVUJlC. 

CHAAAXA aTTHC BABB ORTHB MUCBLLUB 

FUNICkC BBABIMO THB OBTHOIBO^OIIO 
OVUil« 



Fig. 3U. The prooen of fertilisation and the structure rd the ovule 
—diagranuaatic. 

-* * 


Hie ovale arises from the placenta m a small, bud’Hke, 
conical bulging vrhioh soon grows up into an oval or 
^liptioal bodr, tdten supported on a stidlt called the fukiole 
or pom<m.vs (fig. #14). The l-cdy of (he ovnle, called thb 
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NWBLLUS, ia printed by one or twro obftta whioh gradu¬ 
ally grow up from its base aud cover tho nooellua, lejiving 
an opening at the topi called the kioropylb or forahbs. 
The base of the nucellus. where the coats arise, is 
called the chalaza, The point where the body of the 
ovule is attached to its stalk (funicle) and afterwards 
breaks away from it when the seed is ripened, is called 
HILUM ; in the seed this is marked by a scar. Inside 
the iiucellus, towards the niicropylar end, is formed a 
minute chamber* called the rmbryO'SAG oontriniug the 
female substance (ovum) of the plant. The pollen-tube 
carrying the male substance passes through the micropyle, 
pierces the imcellus and the embryo-sac. and than ihe two 
male and female elements unite. The ovum thus fertilized 
then gradually develops into the embryo. 

Forms of ovule. —1. The typical ovule, shown in figs. 
214, 216 is the STRAIGHT. ATROPOUS or ORTHOTROPOrs 

Fim. 216. Fig. 217. Fig. 218. Fig. 2Ji*, 



Orlhotropoas, Anatroptinii,^ Campylotropons ovules. Anatropous 
ovule of Lily stowing a, nucellus ; b, embiyo-sac; c, chalaza; <1, 
integuments ; f, funicle; id, miciopyle. 

ovule. Here the chalaza and the hilum lie close together, 
the microj^le lies at the other end, so that begihning 
from the placenta we have; the funicle, the chalaza, 
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tho tvro ooatsi the uucelliis, and the micropyle. Thte 
is not very oo nmon but may be eoeo in the Oubeb, 
Blaok'peppar, Beteb and a feiy other plants. 

2. Asatropous, or isvKRTeo ovule, is far mOre com¬ 
mon. Here the funiole pushes up the base of the uuoellus 
until it is inverted, and forms a ridge to it as shown in 
fig. 217. The mycropyle points to :tbe plaoenta, the 
tihalaza is at the opposite end, and the hilum (when the 
seed breaks away) near the mioropyle. 

3. Ca)1PYLOTROPOUs, or oaRVKD ovule, his its nuoellus 
curved or bent like the letter U, as shown in fig. 2Id, 
so that the ohalazo, the hilum, and the mycropyle, all lie 
close together. Ex. many Grasses. 

4. Auphitropous ovule Jias its body set at right-angles 
to the funiole. The body of the ovule is straight, so that 
the micropyle, nuoellus, and the ohalaza are all in one line, 
but it is so twisted that the long axis is at right angles 
to the funiole. Ex. Poppy, 

QUESTIONS. 

1. Explain the terms : monadelphous, syngenesioas, tetradynamons 
staiuens, and diolinous, monoclinous, dicecioas, and monoeoious flowers. 
Give examples. 

2. What are; stamioodcs, poUinia, petaloid stamens, versatile 
anthers, apocarpous and synoarpous pistils f Give examples, 

3. Give with examples the various ways in which (a) anthers 
dehisce, {b) anthers are attached to the fllament, {e) placentas are 
developed in the ovary. 

4. What is an ovule 7 Desoribe with diagrams its stmetnre 
and function. 

5. Desoribe with examples the various forms of the ovule. 
Give sketches. 

6. What are the following and where do yon find them f—extine, 
poilen.tnbe, ehalaxa, polygamous flowers, foramen, moaoearpeUary 
ovary, compound pistil, intine, failmn, free-central placenta, embryo.- 
sac, gyaohaslo style, receptive spot, and nnlloeular anther, 

8(b) 



CHAPTER X 

PCHLUNATION. 

Pollisation, or the transferenoe of the {lolleD from 
the anther to the stigma, is the first important fuhotton 
of th^ flower. The pollen-graine cannot themselTes reach 
the stigma, for often (he stamens are of a different length 
than the style, so that the anthers are at a higher or lower 
level, and some flowers are unisexual. The pollen'grains 
must be carried from the anther to the stigma. This 
conveyance is secured with the help of (a) wind, (6) inaects, 
(c) birds, or id) other animals, and sometimes of (g) water. 
Various contrivances are found in flowers, to secure the 
help of one or other of these agents for pollination. 

Anemophilous or vdnd'polIinaf»d flowers are very small, 
dry, and inconspicuous. They are neither showy, nor 
fragrant, for the perianth is minute and scaly, and no 
honey is secreted. Examples are the Orasses. cereals, 
Bamboos, many Palms, and the Mulberry tree. The 
flowers are often clustered in spikes or catkins so that 
they swing freely in the air. Pollon-grains ere produced 
in enormous quantities in large capacious anthers which 
dangle in' the air at the tip of long thread-like filaments, 
BO that the pollen is easily blown away by tbe wind. This 
is seen very clearly in all grasses and cereals. In other 
cases the anther bursts suddenly and the pollen is egeeted 
with force. As pollen is spoilt by moisture, the anthers 
open only when a light dry wind is blowing, and not when 
the air is damp or stormy. The pollen^grains are small, 
light, and dry, and do not tMok to one another, so that 
. their are easily shsken off the anther. ;They have a smooth 
rounded surface, so that ff arrested by the leaves they at 
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oiu» roll off imd 6oal nway Ja tibe j|^r. |ii isome i^«8 
(Ptnee) are provided wHih wmg-liike appeodet^se 

which hdp thraa to be carried over a long distance. Tie 
stigma is also well-adapted to catch, fiyios pollen. It 

* * ¥ I 

is very large* often bnidh-Iiket feathei^ or dmectod* as 
in grasses and oereals* so that a large suriape is expmted, and 
the pollen borne hy the wind is caught apil in a net* 

Anemcphiloos flowers are often tmiaeaciial t either dicsotosp or 
SfiotiawioaB. For instance, the male Tod^^pahn iXal) tiesrs a long 
tliicA spike of ooantless minnfce staminate flowers AUim; the poUen 
is carried by the wind to the female fritit-l>earing trees; so too in iim 
Date (Aomid tree, and in the Ketnky (Kea—%. 89 shows; tlie 
female plant), the sweet-soented male infloresoenoe of which is taigi^ 
used in the oonntry* for flayouriag catechu, The Castor-oil 'ptaui 
is another instance of anemophilde; the male flowers have m^h- 
branehed stamens and countless anthers, the female have large branched 
feathery stigmas, both flowers^ being on the same plants Other 
instances are the Jadt, the Uulberry, some Crotons, etc. 


VV 


Entomophilous or inseci-polHaaiad flowers sre by ^r 
the most e(»nmon. Almost adl ordinary flowers are insect* 
pollinated. They are characterised by an attf-active corolla 
or perianth, in many cases they have a sweet scent, and 
often contain honey or a large amount of pollen. Tho 
colour, or fragrance, or both serve as a signal for insects 
to approach in prospect of honey or pollen. The honey 
(fuctar) is a sweet secretion collected at the bottom of 
the corolla, or in a special reservoir (called neciarj/, flg, 
170 s.), and constitutes an important food for certain 
insects. The pollen' also is a very nutritious food for 
insects, and in flowers which have no honey a larger 
quantity of pollen is formed. An insect in search of food 
visits a flower, sips the neotar or coUeqto the poUeSi) and 
as it flies from flower to flower it unconsciously acts 
as the pollinator, for soiqe of pollen stiokiug 

to its' tongue . or body can nc4i fail to touch the stigma of 
.the floweis vfsitod. The jpollen-giains are not dry and dusty, 
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Fig. 220. 


Fig. 221. 



Bee flowers—pollinated by a largo bee. 8t. 
Btamens; 8, stignaa. 


aa in wiiid-pt^linated flowers, but are sticky, so that they 
easily adhere to some iiart' of the insect’s body. The snrfaee 

of the pollen 
bears sinne. 
warts, or simi¬ 
lar projections 
(see figs. 202, 
209) and this 
ensures a safe 
landing on the 
stagma. The 
latter too is 
similarly formed; it is not, large and feathery as in wind- 
pollinated flowers, for it is sure to get some pollen from 
the visitor, but is sticky and rough with spines, etc., corres¬ 
ponding to the surface of the pollen. The form, colour, and 
scent of the flower vary widely, according to the class of 
insect whose aid is sought, and the adaptations in some 
flowers are such that they can be pollinated only by a 
particular species of insect. 

Pollen flowers have little or no lioney, no strong scene but numerous 
fctameris which produce a large quantity of sticky nutritious pollen. 
They are usually large, simple, regular, and rosaceous (p. 107) m form, 
and offer only the fieely exposed pollen lo their visitors. The visitors 
are chiefly bees and beetles, though other insects also come, but butter¬ 
flies and motbs do not eat or gather pollen so that their visit is only 
casual. Ro^e, Poppy, Mexican-poppy (Shcalkanta —Argemont nuxi- 
catia'), Magnolia, I’oiiulaca, Lotus, Water-lily, Gourd, Pumpkin 
(tnalc-flowers) etc., aie pollen-flowers. Bees and humble bees ate the 
most industrious pollen collectors. The pollen is proiluced in such large 
quantities that this insects rolbin them and come out smeareil all ovei- 
with a golden dust. 


Honey flowers are by far the most common. They economise their 
pollen and instead secrete a sweet or scented liquid, called honey or 
nectar which is ofleied to insects. ’ The flowers are usually small with a 
.fea|||etaincnB, often irregular in shape, brightly coloured, or spotted, or 
atm^d, and arc so formed as lo protect their pollen and honey from 
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omai viBitors, They are highly speoialiBed to be elteotively phllinated 
by different ^laeees of iusectB^ for the larger insects, wasps, l^les and 
bees, are the most mischievous pollen plunderetfl. Some are white or 
pale-colonred, but emit a far-reaching fragrance which serves to attraot 
the insects of their choice. The following are some of the important 
groups of honey-flowers 

1. Buttatfly flowers {Lipidoi4gn>pkSous)t visited by batterflies 

which have a long tongue or proboscis. The ffowe^s also have a long 
narrow tube at the bottom of which is honey which can only be reached 
by these butterflies and not by sbort-tongaed im^ts {w^^, beetles, 
flies and some bees). They ate very brightly coloured with crimsoB 
streaks or spots, red being the colour which affects butterflies most. 
1 hey have no scent, for bright coloured flowers arc, as a role, little 
scented. Example: Pink, Kangan. * 

2. Moth flowers {L^klopteKophilous)^ visited by moths <tbe 
same family as butteiflirs) w'hicli fly about on pleasant evenings at 
dusk or night. The llowerb are like the last but are white and pale- 
coloured (bright colour being of no use at night), emit a very strong 
scent, especially at dusk. The common Jasmines, Hasna-hena (Csi- 
trum noctumum)t Shephalika (Stuii— arbor-^tristis)^ arc ex¬ 
amples. The flowers aie often called night flowers for they open 
at dusk when they aru most fragrant, and fall away the next morning, 
so that they cannot be polliiisted except by night-moths. The moths 
aifco pollinate with surprising rapkiity. Attracted by the strong odour 
they fly straight to the flower and at once introduce their long ,tongue 
into the corolladubc, and wiclua a few seconds hasten with stormy 
flight to another flov^cr. In one night hundreds of flower may be polli¬ 
nated by the same niotli. It is for this that the corolla falls off so early 
and the floweis produce only a few stamens (2 in Jasmines), 

3. Bee flowers {HymenoptercpkHous), visited by the various 
kinds of bee (large bees with short (onguep, humble-bees and honey¬ 
bees with long tongues, and wasps, are of various forms, but genwally 
iriegular flowers such as papilionaceous, bilabiate, and personate flowers 
fall under this group. The colour alto varies widely ; yellow, blue or 
violet being the most common. Very often the flowers are so highly 
specialized and their shape so admirably suited as to be visited by a 
particular kind of bee only, and not by others. Ex : Pea&mily, Bal¬ 
sams, Orchids, Bakash family, Toolsy family, etc. 

Fly flowers {D^^re^hihus), visited by various forms of 
flies, aro usually small, of a dull colour, yellowish or white with 
coloured* spots, I'egular and open in form, and not very attractive 
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or . Btsme am badrsmelUagi bu.fc the odoar k attraoiivo to some 

^ieis, fiodii^ oarrion-ftloB and dttng-fLiOB which liko rotten vegetables, and 
are pollinated by tliem. Others conceal their neotar aboct the etamois 
and stigma which are gtJiland cannot be easily moved by each inseots as 
bees, bnt by the larger flies which possess a very hard and shoit tongne* 
Sx; ^cboo, Akanda, Mango, Neem, Aroids, and other sma]] flowers. 



Fig. 222. Wind'polliDaicd of a p’ant of the Qrafis*family. 

ThedrydOBty pollen (p) escaping from the Jai-gc pcnduloos anthers 
(st) is cau'icd a^ay by the wintl. The style (s) is laigc, branchctl and 
festhrt'y, but the stiamia is not foimc<l till tlu'aiithcis are discharged. 
The flower is dry and TOsky (magnilied 6 timcfi). 

Ornithophiloua or bird-pollinated flowers arc not common. They 
are vcjy largo, of a deep hcarlet colour, and secrete a large quantity 
of honey. They are common in tiepical junglrt*, cepecialiy of America 
(Braxil) where humming birds aud hOney-birds abound. The flowers 
are so large that insects (buttcT-flies, bees, etc.) can not reach the 
nectar, but the birds meutioned visit them either for the honey or 
lor the insects attracted by the flower and hovering about it. The 
iarge highly coloured flowers of the Bed Silk-cotton (Simul), Bignonias, 
Eryihrinas {Coroi (nw), Bondal or Indian Laburnum, the Gold Mohur 
or Haishnaohura and the scarlet Poppies and wild Daturas of 
the hill^ are bird-t>oUiDated. The American trees Brownea (5. I^iriia) 
and Amhfrstia nobtVs, now iutrCdaced into this country, have largo 
red ooloursil omithopbilous flowers. 

pdlitiatiofi, or that wiVh the help of other sC^mals, is'" 
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ha Iflfii^sommoit Sow ft&imato net M‘po\}ioiiAon» Tim 

wiktm ot Ut» wof be aeoi TiiJiiliig et daelc lavge beedi etiMitt 
fiowm wbi<A AT# prodaoed in aorpsBSing prafsaien on tbe plnitt, 
bate eat the iuicy stamene and dnring the aot paUen*ginitui Me feettm 
over their body. Similarly email enafls and el age ate luKmn to take 
shelter within the spathe of various epcciee o£ Aram (Saobootamily). 
In their movement to and fro they carry pollen from the moie to the 
female ^were. 

Hydfophttoue pdlmationWater is never osed to carry H 

grains direciiyy for they are destroyed by it. But certaitv asdatto^ 
naako use of water-currents as a passive agent for earrying mide to 
tire female dowers. Thus the oomiuon sabmergoil plaa^ 
s^ftib is dtook>n8, bearing male Aowors in one plant and tedude 
flowers in another. The male flower buds detach themselves from dlpiBbr 
stalks while still under water, and rise to the 8ai:teoe and then ^pen 
oat with a pair of stamens projecting from the middle of three small 
boat*shaped sepals. The female flowers borne on long stalks also open 
out on the surface of water and* bear three large projecting stigmas. 
The small male flowers, drifted by currents of water, become entm^Ied 
in the female flowers and the projecting stigmas and stamens come 
in contact. Another example is Hydrilla Verticillata, a sliUider 
submerged plant ocynnioD in our tanka 

Self and CrosflhpolHnation—When the anthers He okMO 
to the stigma pollination may be brettght about by ths pollen 
simply adhering to the stigma. This is called seU-poHination 
or autogamy. But this is not possible in many oases. That 
when the flowers are unisexual the pollen must come from 
the male flower to the female flower, and iu <»ses where they 
are dioecious the pollen must come from the male i^aut to 
the stigma of the female plant. This is called eross-fnSiiia* 
tioD or aUogamy. In the first case {unisexual flowers) two 
flowers are cro5ssd; in the second, two plants of the same 
species. Ehren in bisexual (hermaph!t)dite) flowers sell'poUi- 
nation is ti(A always possible. Thus many grasses and oermds 
which have both stamens and pistil in their flowers, so 
develop that while the anthers are dangling in the air 
and giving out little clouds of poBen-dust (anemo- 
philouS^, ^e etigma trains iinineture without the leeeptite 
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spot. Thp reeiult is that the pollen of a young flower i« 
carried by the wind to an older flower which has already 
discharged its pollen and has just developed the receptive 
spot on its stignia ; the younger flower pollinates the older, 
t.e., the two are crossed. There are various other devices 
in flowers by means of which self-pollination, or the polli¬ 
nation of the stigma of a flower with its own pollMi, is often 
prevented, and cross-pollination is aimed at. The reason 
is that by intercrosting better, stronger and often, more nume¬ 
rous seeds are produced than by self-pollination. 

Fig. 2i3. Fig.SiJl. Fig. 225. Fig. 22fi. 



Flowers of acapitalum showing gradual dcvolopincnt of the stameas 
and the style. Fig. 228, the anthers have discharged pollen-grains (p) 
inside the tube formoit by the anthers (a) ; 224, the same later stage, 
showing the elongated style canying the pollen at its t<9; tM| the 
same later stage, sliowiag fhe formation of the bifid stjtgpga—the pttllea 
(p]| remaining at the ends of the stylar branches. Fig 291, the stemens 
of the flower only ; a, anthers; f, filament. ^ 


Allogamy may take place in either of the ways : (l) 
when the crossing takes place between flowers of the same 
individml plant, it is called geitonogamy, and (3) when 
betweiui flowers of tv?o individuals of the same. species, 
it U called aenogajny. Fpr instance, in tbe> Papaw and 














CROSS-POLLINATION 
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the Toddy-p.'ilm the pollination most be xenogamoue, for 
the male flowers are in one plant and the female flowere 
in another; the two pUiits are crossed. Where herma¬ 
phrodite flowers are crowded together (as in the Sunflower 
family) it is very likely that the wind or insects will carry 
the pollen of one flower to the stigma of its neighbour; 
in other words the pollination is geitonogamous. 

Crosa-poliination takes place with the help of wind, 
insects, etc., which carry the pollen from one flower to 
another. The adaptations found in flowers for securing 
inter-crossing are : — 

* 

1. Dicliny or unisexuality. Unisexual flowers most 
be necessarily crossed. When they are monoeoious, as in 
Cucumber, Gourd, and other plants of the family, the 
pollen must be carried from the male flower to the female 
flower borne either on the same plant or on another plant. 
When they are dicecious, as in Papaw, Toddy-palm, Date- 
palm, etc., the pollen must come from the male plant to the 
female plant. 

2. Dichogamy—In many hermaphrodite flowers there 
is a difference in the time of maturity of the anther and 
the stigma. This condition is known as dichogamy. In 
some plants the anthers of the flower mature and shed 
pollen before its stigma develops the receptive spot—this 
is termed protandry ; while in other's the stigma of the 
flower develops and receives pollen long before the anthers 
are ripe—this is termed protogyny. The flower, then, tbor^fa 
bisexual in form, is unisexual in function. For the pro- 
tandrouB flower is at first behaving like a male, and their, 
when the pollen-grains are discharged, like a female. The 
protogynous flower is at first female and then male. Of course 
all the flowers of the plant are either protandrous or 
protogynous. A protandrous flower poUiaat$s an older flower, 
and is itifelf pollinated by & younger flower. A protogynoua 

9 
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flower is pdUnated by an older flower, and itstif p<diinai*s 
an younger flower, The flowers of the Sunflower family 
are as a rule protandrous. The eapituluiu (p. 86) 
consists of several ligulate ray-florets, and immerous 
diso-florets. The ray-florets are brightly coloured and 
serve to attract insects. They are often only pistillate. 
The disc-florets are hermaphrodite and have a tubular 
coi*olIa from the mouth of which projects the tube 
formed by the syngenesious anthers. The pollen 
is early discharged into the interior of this tube. 
The style at this time lies hidden at the bottom of the 
anther-tube; it then slowly lengthens, pushes the pollen 



Oichogamons Moth flowers of Clmdvubron fnfbrtunatwn. 


Fig. 227. Flower opened the 1st day, showing protandrous stamens 
{st)i style ( 5 ) still immature. Fig. 228. The same, showing position 
of recurved stamens {st) now discharged and witlmring, and of the 
style wtiich has now developed the stigma [s). 

before it out of the tube and bolds it in the path of insects. 
The insects crawling over the surface of the capitulum 
take away the poUen-grains on their body. The style in 
the meantime has elongated still more, and at. length it 
divides itself into two branches on which the stigmatic 
receptive spot is then developed. As all the flowers are 
protandrous, shedding ijtollcn-grains long before the stigma 
. ^ .formed, and as the flowers open circle after circle, it 




follows 1«be pollen of the oapttnlum which is iust 

opening muet be carried away to an older fully opened 

oapitulum, ^ stigmas of which become thus poHinaled; 

and further, in the same oapitulum. gradually as the inner 

circles of florets open, ^eir pollen mtsily comes to the stigma 

of the outer circles. The ray-florets are all lenmle, so that 

as the first circle of due-florets opens the pollen for poUina- 

ting the ray-florets is at hand; the protandrOas floweis 

pulHuiUie older flowers, uid are themselves pollinated later 

on 1^ younger flowers. Almost similar is the i»se in the 

Java or Cotton family. Here the filaments form a tu^ 

(monadelphous). which at first conceals the style. The 

Fig. 229. Fig. 230. 
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Fig. 229. Dimorithic hcteroatyled flowers ; A, a flower with anllicrB 
a*' a higher level ttian the stigma ; B, just the leversc. Legitimate 
union takes place between stamens and styles of equal length, 

Kig. 280. Stamens and styles interchanging positions—an instance 
of (iicliogamy, A, anthers mature, style turned up being yet too young. 
H, stamens turned up being now too old ; tbc style now has developed 
its stigma and has come to occupy the position the stamens had in A; 
the arrow indicates the path of visitors. 

anthers begin to shed the pollen*graina soon after the flower 
opens. In a abort time the anthers are empty and di'y upi 
insects having carried away the pollen. About this time the 
style peeps out of the staminal tube> gradually elongc^s 
more aud tnoi'c and divides into five or more branches bearing 
stigmas. Now this stigma can only be pollinated by tbe 
pollen of another flower which bas Just opened aud is shed* 
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ding pollen ; i.e. by a younger flower. In some dtohogamous 
flowers the stamens and the style interohatige their position 
so that at one time the anthers only lie in the path of the 
insect, ar.d at another only the stylo wit^ its stigma. For 
instance', in the common Ghentu (Chredtndron inforiunattan, 
a small shrub flowering in the cold season) stamens are 
af first straight in the flower that has reoently opened but tho 
style is bent down, as shown in fig. 227. The flowers are 
thus protandrous ; they emit a strong smell at dusk and 
attract night-moths. The moth that comes for nectar, 

bidden far below in the corolla tube, must pass its long 

tongue into this tube, and as it soars in front of the flower 
the wings must touch the antheis. Then as it visits a flower 
which opened the night before, it finds the style occupying 
the same position as tho stamens of the newly opet.cd 

flower, aid the bifid stigma which has now been developed 

receives the pollen brought fiom the younger flower. The 
anthers after discharging thoir pollen in the first night roll 
up or curve down (fig. 22t<), and then the style straightens 
on the second evening, forms the stigma, ai d receives pollen. 
There is al*solutely no chance of self-pollination. 

I’rologynous tiowers arc found in tlio Mustard, Poiato, Brinjal, etc., 
where the stigma 18 bticliy while the aniiiCjB aie yet young. In many 
nlantB which pioducc unisexual llowcis, especially those that are anonto- 
philous, protopyny is very common. For instance, in plants which hear 
male and female flowers, the lattei mature first, so that they are fertilis¬ 
ed hy pollin coming fiom anotliei individnnl of the same species 
(xenogamy.) 

3. Herkogamy.— In many homogamous flowers, i.e. 
those in which the anthers and stigmas ripen at the same 
time (as opposed to tJichogamous flowers), the relative posi¬ 
tion of the stamens and the style is such that self-pollination 
is'difficult) lor often the stamens are bent out towards the 
circumference of the flower and the style is central, and 
' iP many cases the anthers burst eatmtely i. e, facing the 
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petals. This may bo seen in the garden Nasturtmms 
and Portolaoa. 

4. Heteroslyly.—Sometimes the stamens and styles 
are of different length ; this is known as heterostyly, and is 
very common. In some plants there are two kinds of 
flowers ; some with long stamens and short styles, others 
with long styles and short stamens, the relative lengths 
being reciprocal, as shown in fig. 230. The anthers and 
stigmas are so situated that insects visiting several fiowers 
touch correspondingly placed organs with the same part of 
their tongue. Thus a short style is pollinated by short 
stamen, a long stylo by a long stamen. This is the kgUirmU 
pollination ; it is illtoiltmule when pollen of stamen comes to 
the stigma of a short style. Better seeds are produced by a 
legitimate crossing than wh'en it is illegitimate. Such flow¬ 
ers are said to be dimorphic. Similarly there are trimorphSc 
flowers with three different lengths of styles and stamens, 
long, shoit, medium. 

Self-pollination can take place only in hermaphrodite 
flowers, but not in all, for many flowers are either dichoga- 
moup, or if homogamous, are often heterostyled or bevkoga- 
mous. But still self-pollination is very common in flowers. 
And though by crossing better seeds are produced, it is 
far more difficult to secure it than self-pollination by which 
means at least the production of seeds is certain. Certain 
flowers must of necessity bo crossed, but in hermaphrodite 
flowers there are also adaptations for self-pollination on the 
failure of intercrossing through want of wind or insect-visit. 

1. In the simplest cases the anthers are close to the 
stigmas and cover the latter with pollen as the flower opens. 
This happens in a number of small annud^^^nls which live 
for too short a period to wait for insect^^it aud risk inter- 
crossing. 

2. In many flowers the stamens are ^ first directed 
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bdt later incliue tovirarde tAe stigmas and polUoate 
ttom <fi;g. 231). This is seeu in the gardeu Tortulacas 

a B 0 D K 



Fig. 231. Self-pollinat ion in the flowers of an Umbellifcr. A.B.r.D.B. 
arc the Bocoessive Htages showing how stamens cnrl inwards and sprinkle 
pollen on the stigma. 

the flowers of which open for only a few hours in the fore¬ 
noon. They are pollen-flowers, and at first stand open with 
staHens bent on one side and the style bent on the other. 
When touched the stamens recoil like a spring and scatter 
the pollen-grains ; this they do also at noon when the sun 
is warm, and thus sprinkle pollen on the petals. Soon after 
the petals fold up, the flower is closed, and the stigma 
become covered with pollen. In Kala-jira {NigeUa sativa) the 
stamens at first stand horizontally, but later on they stand 
up one by one and the five styles being bent down, the 
anthers touch the stigmas and pollinate them. 

3. Self-pollination by a similar folding up of the petals 
is also seen in the common Shealkanta (Mexican Poppy). 
The flowers are large yellow poUen-flowere ; the filaments 
diverge away from the centre while the stigma is central. 
Insects rarely visit the flower, but self-polliuatiou takes 
place by the pollen sprinkled on the petals adhering to the 
stigma when the flower closes at maturity. Flowers of 
Morning-glory and other Ipomasas also exhibit a similar 
closing up of the petals in the afternoon, and as they remain 
open only duiing the forenoon, they are self-pollinated if 
n(^ erased by insects previously. 

4. fJbznetimes the filaments and style become inter- 
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twined) so that pollen is brought in eoiit«et with the 

as in the common Foaro’olook (EriahnakaiO, the 

flowers of which also close up at dusk. 

6. In the Cotton and in the Sunflower families there is 
a very peculiar means of securing self-polU nation on the 
failure of inter-crc»8in& The protandrous flowers shed lAeir 
pollen long before the style develops the singma. loiter on, 
if interofos^pg bos not already taken place with the help 
of insects, the style goes on dividing more and mote 
and the stylar branches, on the inner surface of which is 
devebped the receptive spot, go on curling more and more, 
till they come into contact with some of the pollen sticking 
to the filaments (in the Cotton family) or to the pappus (in 
the Sunflower family). 

6. In the ei uoiforra flowers of the Mustard and Badish 

there are two short stamens 
with anthers below the stigma, 
.and four long stamens with 
anthers at the same level with 
the stigma (fig. 232). The flowers 
are slightly protogynous, so that 
insects bring about cross-polliua- 
tion. At flTrst the shorter 
stamens ripen and give away 
pollen, but if insects fail to 
visit, the longer stamens shed 
pollen on the stigma when the 

Pig. 282. Tetradyuamou* 

Stamens (st) and Style with thus secure self-pollination at 
stigma (8) of a crucifer. ^he last moment. 

CleUtogany Many plants produce in addition to ordinary open 
flowers small bad-like flowers which remain perman^tly closed, but 
which notwithstanding produce fruUe These an:: cidled Mstogamaus 
flowers, as opposetl to the ordinaiy open flowers called chasmogam- 
mis flowers, Glebtogarooue flowers are se^l-pollinatcd and developed 
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at eeaio&B leM famurabta for oroBB-polUoatiQii. Tbqr ara smal), graan- 
iflht bud*>lika flowers without^ or wHb an inoonspicaona, oorolla, with 
the anther and stigma lying close tc^ther, so that the pollen 
ei^ty reaches the stigma. They lie near about the ground, bidden 
beh&d ttaJeaves, and are formed generally in smaller plants which live 
in !nudli 7 or marshy places, where insects are Imis likely to pay a visit. 
Coam^ instances are^ Commelina bMgalMsis <Kanobira}, several 
Bpeohi|ilf Violets, Oxalis, etc. The Jack-fruit (Kantbal) tree is known 
to protface underground big Jaok-fcaits which are supposed to arise 
ft^ the cleistogamouB pollination of female spik^^iileveloped under 
the ground. 

SUMMARY. 

PoUination may take place with the help of (a) wind, (b) insects, 
fc) birds, or (d) other animals, and sometimes of (e) water* 

1. Wiad*poliinatfld or anemophilouB flowers are small, dry, colour¬ 
less, odourless, boneyless, but produce a large quantity of dry, dusty, 
light pollen easily blown about by the wind, and large feathery stigmas 
to catch the pollen readily—grasses, cereals. 

2. Inaect-poUiDatad or entomopbilous flowers are large, coloured, 
showy, attractive, often scented and with honey, and produce sticky 
polUm-grains with rough spiny outer walls and small sticky stigma. 
Tliey may be.— 

A, large, regular, simple flowers with no honey 

but abundant pollen,—Eose, Poppy, Cucumber. 

H. Mon^^/loufgrssTasLll flowers especially adapteii with only a 
few btamens and with honey, so formed as to protect both from Ub' less 
waste. These form the majority and are— 

I. BittUrfly fbwers, which have a long corolladube ami high 

colodi in the spreading corolla*lobcB—Pink. 

2. Moth fioiuersj similar but white and highly fragrant—called 
also night flowers, JaBmines. 

H, B 00 flwers, irregular flowers, such as papilionaceous, bilabi¬ 
ate, personate, etc, which have special means of ooncealii^ their 
honey. ^ 

Fly /hu^Sf small, round, reguiar, bad-smelling or odourless, 
dull yellowish or purple-ooloared flowers visited by flies, «./. 
Akamia, Arum. 

3« Bird'PolUnaled or ornilbophilous flowers are not very common. 
They aj’e very large and showy, w ith a large quantity of honey ; pollen 
and stigma are imi in <2). 
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4. ZoaphiicuM fiowen or tb^se ^^Ua^^ieA hr mKtcea, mites^ podilo. 
slagi, bftts or oti»«r atumolo, fure rotber niie. 

S.. Wntor-polKaatMi hydrophilo^ fionrera are very taw: 

Tbe diflereab ways ia wbtob flowors are polUoated are— 

1. Autogwiv or self-poll iaaiioa-Hrt^ni of A flower ferfctllsed by 
Its own pollen; ..only possible in bisexual floirera 

8. AJIogaHff or oross-poltiaatiba—<Aigaaa fertilised by p<fltoa of 
another flower. Itbls -» either.— '* 

- 4. ^^ANpun^ when both flowers are wa the saaa in^efflaal 
plan^jp la oa|HtalAs or umbets where the flowers are orowded,^ 
B. Xeuofamyt when they are on diflereat iadiriduata of the same 
plant, as in dioecious flowers. ’’ 

Intar-ctossing, which gives rise to better seeds, is secured by 

1. DlcHty or unisexoality of flowers. 

A. UonoeclouB flowers must intef^oSB. 

B. Dicecions flowers must cross two indifidnals. 

» * 

2. Diohogamy-»anther and atigma of a Sower aaaiaring at diiEereiti 

times to prevent aelf-poilination. Dichogamona Sowers are 
fnDctionally unisexoal at a time. 

A. Frotogyny—stigma maturing before anther, 

B, Protandry—anther matoring betere stigma, 

3. HeteroBtyly-p-diflerent lengths of fltamena and styloa even 

livhen the Sowers are bomogamous. 

Herkogamy—stamens and style divergent or Widely distant, 
though they are homostylousaud homogamoua 


QUESTIONS. 

1. How would you distinguish between wind-poliinated and insect* 
pollinated Sowers; Di^sorib) the adaptations found in each, Give 
examples. 

2« Describe the vadons forms of insect-pollinated Sowers. 

3, What are : pollen-Sowers, mot^-Sowera, bee-Sowers, aight-Sowers, 
ohasmogamons, cJelstogamous, dichogamous, aiiogunons, heterostyled, 
protandrous^ dimorphic, and xenogamoQS Sowers, O-ive oMmples. 

4, Distinguish betw^ self and cross-pollination. What is the 
advantage secured by the latter I 

5, Give m. aoeount of the vadous ways in wbfeh tnterorOMlng is 

ascuTed by Sowers. " 

S, Describe polHtiation in ShnSower^ femi Jana, Bose, Grass, 
Kjulatnba, C<^ocaaia,' Cletodendionv .poai|a-beim Pink, and the 
Jasmines. .. x 

^a) 
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chapter XI 

■ 

THE FRUIT. 


• The fefuit 18 developed from the ovaryJ,^ Ihe fiowe;i' 
as a result of fertilisation. After fertiliswon verima 
changes take place in the parts of a flower. Generally the 
anther and stisnia raphliy wither while thb filament and 
style remain for a short time ; petals fall, and so do the 
sepals (except where they are persistent, p'. 104), the ovary is 
enlarged to form the fruit, and the orules mature into seeds. 
In simple cases the ript ovary forms the fruit; its wall' 
becomes the pericarp or fruit-wall. In many oases, however, 
other parts of the . flower, such as the thalamus, the 
calyx, the bracts, and so on, unite with the ovary so that 
the fruit consists not simply of the pericarp but also of 

the other parts. Thus the fruit of Chalta {IHHenia indica) 

1 * •, 

is made up of the persistent and enlarged sep^s which 
enclose the true pericarp containing the seeds. And 
when the ovary is inferior, the thalamus or oalyx*tube 
is adherent to it and the two grow np together to form the 
fruit. This is seen in the Guava, Apple, Cucumber and 
other inferior fruits (so called beeause they are formed 
from inferior ovaries), where the withered sepals form a 
crown at the top of the fruH. The fleshy part oomte from 
the ovary together with the hollow thalamus whtc^ etidoses 
it in the flower. Such fruits are sometimes distinguished 
as false or spu/riout fruits or pseudocarps, the tem pericarp 
being not strictly applicable; The stimulus given to a flower 
by fertilisation inay> however, extend ssill further, and all 
the Ifovrers of sgi ioflormoenoe may grdw up so as to form a 
sin^f fruit—sM the ovaries, pefiariths, hiocts, ete» joining 



r 



to form • mam-; 04 /,, 
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flw Jacik, 




Fig. SS8. FollMe of AkandB ; to4lH: Fig. 2S4. £. 

-Tight the seeda with » toft of haira. Fortnlai^. 


KuuIb of fxuffah- A fnut wlich is foi med from a iiumbrr 
of crowded flowers is tettaied a eolhcUvk or muVipU fruit; it 
resulto from a wbole iufloreecence and is hence also teieied 
an to/fttfsAMace. A fruit which is formed from the ovary of 
a single flower » a fimrAt fruit ; it may*he the ripe ovary 
alone, as in Pea, or toe pericarp with the persistent and 
enlarged calyx, as in Cbalta,. or the ovary with the thalamus, 
as in Ouaya> Apple, etc. Where the flower has .sr number 
of separate carpels (npoearpous gyncecium), as in Magnolia, 
Rose or Lotus, each ovary matpres'into a fruit and the col¬ 
lection is called an aggregat 0 fruii. 


Simple fruits, or those arising from toe single ovary 
(superior or »inferior) of a flower, may be either dry or 
su€cuk/tt. Where the ovary is superior, it matures into 
toe fruit, the carpel becomes the pericarp which may be 
dry as iu Pea, Mustard, or succulent as iti h^ngo, IPtMch,« 


Brirdal* Where the ovary is inferior it is adnafe the wj^ll 
of the thalamus, the two grow together and npin i^ a fruit 
whieh W no true pericarp butff 5)0 .. 

either dry (Sunflower), or 8«ocuk)t*lt|J^u(wa, AppleX 
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Diliiiceilce of ftttit8.-<^Wben tbe fruit kmatare and 
the seedt are ripe, the carpels usually break up so as W allow 
the seeds to escape. The fruit in this case is i*hiso»nt. But 
some fruits are indthitcent, failing to the gredod entire, and 
til# seeds eTcntually reaeh the soil by the decay of the fruit- ^ 
w^. Ify dehiscence t^e pericarp breaks up into pieces 
cidled twAss. These are usually cut off lengthwise along 
el^er the ventral or the dorsal sutures of the carpels, but 
in some cases are formed irregularly and not by the sidit^ng 
of the sutures. The vai'ious inodes of dehisoonee are :■>- 

1. SatJtsI oi regular dehisceace.— 

t. When tbc fruit is formed, from a single carpel it opens generally 
by tbe vrntiai suture only, as in Akanda (fig. 2S8), Naynntaia (Vinca), 
etc., or sometlSDCs by the dorsal suture only as in Magnolias. Such 
fruits, called /qIHcIbs, have no valves, bnt 'S tbe -Pta family both the 
sutures open, so that there are two valves. Bach a ftuit is cal.etl a 
Itgumt (fig. 240). Tbe dcbisccnce is maiginal. 

Fig, 280. Fig. 286. Fig. 287. Fig. 288, 


S'eptjifik!.a]. Loculicicia). Scptifragal dehiscence of 

capsu jes (diagrammatic). 

2. When composed of several united carpels, tb^ defakoent fruit 
is called a a^sut^. Its dehiscence is said to be : 

• V 

(A) when the s^a or partition walls are split ap 
and separated ^ so that tbe fruit is rendered into its original carpels, 
rach valve thus formed representing a carpel (fig. 238). 

(B) Lccutfddalj when each carpel splits open along the dorsal 
su^ie, /#., by its back, so that eAch valve consists of a half of each 

' irfiWAr^eoiitfgntnis ^pels (fig. 886 ). * 

(c) When in either of tbe above tao forms debts- 
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oaocv the beuiag the eeete in • oentti^l enkuna 

and the valves, alone fall away. Tl^ns a oapsole may be a^UoidaJjlj. 
Mi^ifragal 238), or looulioidally' aeptiliagal (fig. 237) as 

in Datara (fig;2ft9). 

If. Iitogiilar dohnceo*,—CapMtee may aleo have 

1. fl»vus dehisoenoe, as when the pericaip' hMfdcs at oome {Muts 

by oircalar poree or boles through whmh the seeds esoapo, «. f*(^{>y 

(fig. 248). 

2. Tremsumm or aramselssik dehisccnee^ when the .fuekiap 
breaks up into two cop-shaped parts, the upper part falling eff kke 
a lid, as in Portulaca. Coek’s-comb (fig. 284), 




Dry .^fithiscent fruita.— 1. The follicle is a dry one- 
cellod many-seeded fruit, formed from a single carpel, and 
usually d^mcing by the ventral suture, as in Ali^nda (fig. 
233), less commonly by the dorsal suture, as in Magnc^a. 

2. The legume is a dry one-oelled maf)]F'‘i0eded fruit, 
formed from one carpel like the last luxt^efaisalng'by bot^ tho 
ventral and dorsal sutures into two valijhBe t, p. Pea, Bean, 
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lodjgQk ete. A modified {cKnodi ol tito iegame is imlisd 

the lemta^ii^ j it is. transversely eoibs^ted :li|fas«ea the 

seeds and is generally indahtsoent or tMreaks inii^^iMie'ieeded 

parts at the oonstriotiohs* le^baty (Ssli^tive piuit)) 

Aeaota (6sUa)> 3i«)o> * 

# 

Xsnuuritui fruit is s saoculeat looiaiiii ; its periosrp Iws tines 
disttnot psrts; s brittle ^fearp oo tbe ontside, thee the palpy sdd 
Maoempi and s lesthssy or tough B mhoarp enclosing Uie se^ in 
sepante ohsmbeia The Qroond-nat (CUwHMnn) hM s. t-B 
seeded inddiiseent lou^t wfaksh is develt^wd in s peenliur msnner; 
after fertilisation the &ower*stalk bonds down and tbe ovary is driven 
into tte earth to ripen underground. In the Sensitive phmt the peri¬ 
carp <d the loment gradnally crumbles away, leaving the two sutures 
intact SB a thin frame from which the seeds are shaken out by the wind. 

Fig. *41. Fig. 248. Fig. 848. ' Fig. 244. 



Iipgume Siliqua Porous Capsule 3-valved capsule 

Silicula 0 ^ Poppy rrf Cotton. . 

3. Hie siliqua is a dry two'-oelled manysoeded syncar* 
pous ihiiti formed from two carpels, and de^hisciiig by two 
valves from below upwards, e. g. Bspe, Mustard. It is 
formed from two carpels which unite by their margins 
to form twn^parietal placentas, but subsequently a falst parti* 
tion w stfpfom stretches between the two making the ovary 


iNBSHisdTO Fsuim m 

the ivo hvmk a,ffky ivcm 

tibe £f^ m^tnim wbtoh then raniRto bel^iid m a 
rsphiM with lieeda afetaohod to tba raaxido on Both fldew 
(ftg. 943X ^ Rlnnrt and bn^ lifiqna, at in tho fardtn 
anniud Candytuft {Ibtrii), is^ temad a ^Uevia {diedaalivo 

of tiliqiui), M « f 

In some oum, tw ia t\» BMicb (tfooU). the riUqm ]t |(^QS«d tad 
iod^isoeidi, bnaldng' tiansreraely iotb one<8eed«d {)art%. maiilb^ 
the lomentam and i« benoe gometimes sakl to be tenMeemms* 

Pip. 340, Pig. 247. PJg"^ 248. 


Fig. 246. 

Cypaela of 
Banflower, 



Samiu:a Samara A Cremoearp 

of Madbabilata of Bal 

4. The capsule is the general terfn applied to all dry 
aynoarpout dehiscent fruits (see p. 140). It be oite-cell- 
ed (Latkan—J?**a Orellana), or more than one-celled (Cotton, 
Java), and may l^reak up into two or more valves. Thus 
the Latkan fruit buiats into two valves, Co^n fruit (fig. 
244) into three, that of Morning-glhry and Datura into four, 
of Java into five, and so forth, * 

6 . The ptfsis or f^sidium is a transversely dehiseing’ 
cs^ule, the upper part falling off like a lid, as in fig. 994— 
»■ p„ Portulaoa, Cook’eeomb, Natya*Shak, etc. 

Dry indehiacimt fruits are uauaHy one-eeDed and one' 

1 

seeded and are often very synall and seeddike. 
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1. Tlie aAmt is & small dry oncrsesded sa^rior Imit, 

psiioarp of wfaioh is ai»plied to the sstd but it sefuuabk 

from g.t the Lotus (% 268) the gaiden Olematis and 
NaraiHiiia (Chsgul baty—fig. 264) where the separate carpels 
of the ^wer mature into small seed-like aoheoes. 

2. The caryopsis, the term applied to toe fruit of 
CSfiUfses and cereals (the grains of rice, wheat* barley, 
eto, are really fruits), is very similar to the achene, but 
the pericarp here is very thin and quite inseparable from 
toe seed (the husks are bracts). 

3. The cypsela is a small seed-like fruit like the 
achene from which it differs in being foiuied from an 
inferior ovary. It is the characteristic fruit of the Sun¬ 
flower family. In many cases it is crowned by a persistent 
hairy pappus (p. 106),. as shown in figs. 262-63. In 
Sunflower (fig. 205) the cypsela has two wings at the top; 
in Marigold and Zinnia it is topped by the segments of 
the calyx; in the weed Kokshim (Vernonia cinerara) 
and the garden plant HeHckrysum the (qrptela has a tuft 
of fine hairs (fig. 262), while in some cases the pappus is 
borne on a long stalk at the top of the fruit (fig. 263). 

4. The samara is a wingad achene ; that is, the pericarp 
is extended into thin flat membranous wings which help 
the fruit to be dispersed by the wind.— e. g. Madhabilata 
(Btptage Madhoblota), Bed San tol-wood . (Pteraearpus 
sardahtius), Bija'sal (P. Marsupium), etc. 

A winged fruit is called a aamara; but the wing ia not always a pait 
of the pericarp. Thus the samara of Sal (fig. 247) has three luge 
wingB and tw<^ smaller ones developed from the five lobee of the peiais- 
. tent oaly^c the lower part of which encloseB the frnit. 

5. The nut is a dry one-celled indehiscent fruit with 
a toick and woody pericarp. 

6 « llie w/r*clg is an achene with a thin papery pericarp 
withto Vhich the seed rattles. It is nc^ oommop, 
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Sckizocarpic fruits, or sohizoosrps, are dry synoarpous 
2 or more seeded fruits which when ripe split up into a 

Fig. 849. Fig. 260, Pig. 261. 



Fig. 249. A crmootrp with the persistent bitiil stigma at the top. 
Fig 250. Transverse section of a mericarp showing the single seed 
and the fruit-wall. Fig 861. , Cremocarp showing the separated 
mericarps attached to the carpophore (a*). 

number of one-sooded parts each enclosing a solitary seed. 
The one-seeded- .parts are dry and indehisoent like aohen^ 
and ara callpd . maricarps. The difference between a 
sc^hisQ^rp and a capsule is this: in a capsule the pericarp 
^rsis and the seeds are set free, but a sohisooarp breaks up 
into its component carpals (mericarps) each enototing a seed. 

The cremoearp is the characteristic fruit of the 
Carrot and Anise family. It is a dry synoarpous two- 
celled two-seeded fruit formed from an inferior ovary 
composed lof two carpels. When ripe it breaks up into 
two mericarps (figs. 249—61) which remain for sometime 
attached to a prolongation of the axis . called the carpophort ; 
each mericarp encloses a single seed. 

Succulent or fleshy fruits are naturally indehisoent. 
They may be soft and pulpy throughout (Quavst Grape), 
or' with a firm rind (Gourd, WateT-melon), or fleshy extern* 
ally and hard intenially (Mango, Peach). They may arise 
either from superior or from inferior ovariM. Wh«i from 
10 









44« SUlMfimA&lir BOTANY 

a au^riot oitaity, the {mit'ivaU is tAe t^e > il4en 

from ftn inferior orary. it is a pseudaearp, «.e.« a (i^ pelfi~ 
oarp formed from the holloir thalamus wiUi vrhieh the wall 

of the ovary is united. The fleshy edible portion is often 

*• 

called the saraxarp (sareo/t = flesh). 



Fift. 363. Drape of Uango out TcrfciealJy. 

The drupe is a superior, usually I'seeded, succulent 
fruit with a hard done enclosing the seed, s.p., Mango, 
Peach, Almond, Cooeanut, Hog-plum, etc. Hie pericarp 
consists of three parts : the outer skin or epicarp, the inner 

Jj' 

stone ^ or endooarp, and between tfae two the fleshy portion 
or mesooarp, The endooarp forms a hard shell or stone 
whhh enelpsei one or more, see<|8 till germination, when 
it spliia open to allow the seedling to come out. Drupes 
are. stpiie-fruitB. 
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Iib« iicii{»eii«rtae ireiQ a aiogte aspatjOT i^fhM»r}Mltai;; 
aajia Poto^ Almond, and Haago, thoae of Hagtplnia, Cqoouak^ tia^, 
VV6 turn raiNttior, aynoarpoas nukny-ocUed orariM yrhicb daring 
ripening develop Imt one cell and one aeed and the reet "altt o^n 
enppremri. Tbe Coooannt frnit anaes from a (mperiw 9^fieUed 
oTaij, bnt daring ripening only one ceil growe arith a i^tg^aSed, 
the other two are abortive; to loo in the B^Unotw The 
however, eimilarly arises frm a snperior Sailed ovai?, a«t i . 
oells develop in the frail, each with a single seed and amtowBldPF^ 
a distinct endooarp, so tltal^ there are three stones in the rif^' 
frnit. The Jninbe (Eool) is H drape with a 2<eelled, hnieeded stone 
or endooarp. Other instances are the Neem, the KaJa*]aBi (^. gSg). 
The mesocarp is asoaUy ilesby and forms the edible sarcocarp, as 
in Mango and Peach. Bnt it is sotnetimes tough as in htmon^, or 
fibrons as in the Goooanat and Betel-nut, hence called fibmis dnf>*$. 
In the Hog-plnm it is spongy bnt fail of a juicy pulp: so too in ' 
the Tal. 

The bexry is a term applied generally to all fruits with 
seeds imbedded in a uniformly soft pulp. The endocarp 

a 

and mesocarp can not often be distin^ished, as both 



Fig. 263. Cross-section of 
pepo of Cucumber. The three 
placentas project inwards where 
each is forked and leflexed bear¬ 
ing ovules at the end. 



Fig, 264, Drupe of peach ; 
the stone or endocarp, P, the-fleshy 
pericarp. 




form the pulp (»roooarp), with the epi<»rp as a thiolr or 
tiifn skin. The seeds have no stone as in a drupe but are 
^emselves hard. It may be superior' {Brin,jal, Grape. 
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Papaw, TomatOi Tepari) or ioleiTor (Guava, Banana), 
abd haa usually numerous small seeds, but may bave a 
single large seed also, as in Date. 

The Date fmit is a berry and not a drape^ for the * stone* is 
really a seed and not the endocarp. The outer thin skin of tbe fruit 
is tbe epicarp, the pulpy portion ealen is the mesooarp, while the endo- 
oai'p is a tbin papery layer sarrounding the stony seed. 

The GnaTa fruit aiises from an inferior 4 or 6 celled many *8eeded 
ovary, the sncculent portion being partly derived from the hollow 
thalamus adnatc to the ovary ; the sepals persist as a crown of scales 
on the top of the fruit. The epicarp (so called) in some varieties 
forms a veiy thin layer which is not taken off when the fruit is 
eaten. Bitnilarly, tbe Banana fruit arises from an inferior tbrce-celleti 
many seeded ovary ; here the epicalp forms a rather thick skin. 

The Giape is formed from a superior 2-cci)ed ovary with 3 oi more 
sreds, but the juicy matter comes mainly from the placenta and not 
from the pericarp. 

I'^ig. 265. Fig. 25ti. Fig. 267. 



Fig 266, Vertical section of pome of Apple , tbe innermost layer 
1 riclosiiig the seeds ; fig, 257, ihesame in cross-section, showing the 
S-ccIled core. 

Fig. 256, Vertical section of the drufc of Kala-jam ; K, the seed 
rnolosed in a bard endocarp. 

The pepo, the name given to the large fruit of the 
Gourd, Melon, Pumpkin, Cucumber, etc-, is a modified 
form of the berry. Tbe fruit has a hard rind which encloses 
n large sarcooarp in which numerous seeds are imbedded 
US in a berry. It arises from an inferior one-celled ovary 
with three parietal placentas^ either surrounding a central 
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oavity (Gourd) or prolonged into it as a eoherent fleshy 
mass in the centre (Watermelon—Turbooj); see fig. SSfl. 
It forms a pseudooarp (p. 138)> for the adnate thalamus 
of the inferior ovai? grows along with it and forms die 
rind on the outside. 

The h«iperidiiini, M the frtiit of the Orange and Lemon ie ci^ifed, 
IB a flcsby Gtipedor eyncarpous fruit in which the epirarp and mcMoai'p 
form a separabie nnd (the outer oily tkin le the epicarp, the under* 
lying white layer is the mcsocarp), and the endocarp forsiB a thin 
mHubranouB lining of the ciiamberB or cells of the fruit. The eecde 
aie attached to the inner angle of thcec ch ambers and the pulpy matter 
conKiata of numeroue juicy hairs which arise from the walls of 
the endocarp. 

The pome, the flcthy indebiscoiit fruit of Apple and 
Tear, arises from an inferior syncarpous ovary which is 
adnate to the hollow thalanu\s. The outer fleshy part of tl^ 



Kig, 268. Fruit of Lotus. Fig. 259. Fig. Fig. 260, Pine-apple. 

fruit is the swollen receptacle, the horny core inside (figs. 
S66, 267) being the true fruit developed from the 6-oelled 
ovary and enclosing the seeds, it is a pseudooarpi the real 
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p«riMun^ beiag ia«i4e> surroaodiog llm «e«chi m 4 tibia 


oiiirtilagtt*like lajrer. 

Ao agcregate frait ariflee from tiba free ear|«d8 
(<mooarpot» ^ gynoeoium) of a single tiover. It is iiaiu% a 
oolleotion of angle fruits* sooh as ^li<deit aobeaee* beurjesi 
etici fo^ed from the separate ovartM of A -tiesreft'. Such a 
duster is termed an sfosrie. Thus in tihe Cliainpaka <fig. ‘ 
157) and Magnolias the numerous gbltarfl^ ovaries of the 
flower mature into so many follioles; the fruit is an 0 /amio 
o/ folHckS. In the Rose the hollow thalamus (fig. 169) 
contains several free carpels each of which matures into 
a small achene; the '* hip ” of the Bose* as the frait is 
called, m an ataerio of ochones. 

The Ata (Custard apple) and Kona (Bullock’s heart) are examptes ol 
aggr^ate fruits in which the separate carpels bare so united during 
ripening as to look like a single simple finit. The nunMrous free 
carpels in the tiower are densely packed on a slightly raised thalamus ; 
as the cluster grows each carpel matures into a berry, bat tbeir tips 
oobm more or less to form a continuous protective layer inside which 
lie the separate fleshy pericarps each enclosing a hard boed. 

A better example of an etmrio of achenes than the Rose is the 
Chagul'baty (yVnraas&a £eylcattca)t a wild bcdge climber, anrl the 
garden Clematis. The achenes are here collected on a slightly conical 
stalk, and each has a long tail-like feathery persistent stylo (lig. 264.), 

The fmit of the Lotns (fig. 268) is a pcculjR form of aggregate fruit. 
Here the thalamus is enlarged into a top-shaped body (gynophorc). The 
upper surface of this is like a houey-comb, and in each “ cell ’’ a 
cai'pel is sunk. When ripe the oa, pels form bard achenes which rattle 
in thek Eock^B or oells. ‘ 


Multiple or collective fruits consist usually of the 
perianth leaves, bracts, as well as the ovaries of several 
flowers, commonly of all the flowers of an inflorescence unit¬ 
ed into one, and are hence also called infratescen^s (or 
inljiuotesoences). They are all succulent. 

The iforotis is a mvdtiple fruit formed from a spike of 

the Pineapple, the Jaek (Kantid), and the 


flowers, 




mtmis Fwmm 


m 
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The ^feon*s is a inal1^{>Ie fmit l»t tlie inadlitB o$ ^ 

infloresoenee forttis a dosed and hollow fleshy mass enelidelfiig 
numerotis seed*Kke fruits (aehenes),—the Fig. the 
Banyans. 


The itp3bilu$ is a scaly spike of suidil fruits at the 

j / 

axil ol. 3SieeEtbmnou8 scales, as in Ganja {Indisa Remp^* 

SaUta) . 


tlie Pia&4^1e fruit developeii from a spike ot tmtAl crowded 
flowers, each In the axil of a red scaly bract. After fertilisation esAfa 
flower forms a small fruit, but a great stimulus » given to t*e whole 
rachis Which grows up into a large fleshy mass wit* wbidh the bracts 
become moorp<»ated. The edible portion is this fl^hy axis, tile * eyes * 
being the bracts and fmits which are not eatea. The crown <4 i^Mes 
at the top of the fruit is a prolongation of the axis of the spike i the 
leaves are sterile bracts. 


The Mulberry fruit arises from a spike of female flowers. The peri¬ 
anths hero become fleshy and enclose the true fruits, the bunch-like 
fruit is formed by the ooalesoenco of these sDcculent perianths. 

The huge fruit of the Jack likewise arises from a spike of feaiate 
flowers. They are crowded on a long rachis which in the frsit grows up 
like a club. The edible portion of the fruit consists of the saconlent 
perianths each enclo^g a membranous pericarp with its seed and seated 
in the axil of a pulpy bract. The hard spines on the coat of the fruit 
are the persistent stigmas. 


SUMMARY. 

CLASSIFICATION OF FRUITS. 

A. Simple fruits, formed from the single ovary (mono- or syn- 
carpous) superior or inferior, of a flower. 

1. Dby and DBHISCXNf 

Monooarpons, from single otfrpel— 

Opening by one suture Insnally ventral) ... i. FoUkdg 

Opmiing by two sutures (ventral and dorsal) ... a Ltgunu 
A transvmrsely jointed legume ... ' ... 3. Lommt 

Bi-poly-earpous, from 3 or more united carpels— 

Opening Jmigitudinaily into 8 or more valves ... 4. 

8 valves breaking away from a Tcplam ... 5. 

A short, broad, f^t slllqna ... 6, SiUcula 

Opening transversdy Into 8 cap-shaped parts ... 7 /yjds 
Opening irregnlarly by ^ree w hc^es 8. FbfOlts cap^ 
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Bmkiag into l-seeied oarpeU ... ScMsocarp 

Each of ttttob oarpelfl ... ... 10 Mmrhorp 

A BOhisoearp of 2 merioarps ... ... ll. Ctvmccarp 

II. Dry And iNDBHitjCBNT, usoaliy l-cclled, l-seedetl : — 

^*inged fruits ... ... ... 1. Samara 

WingleiM, with pericarp or wall of fruit 

Thin, and consolidated with bochI ... ... 2. Carycpsis 

Thin and loose, free from seed ... ... .H, Utricle 

* 

Thick and hard, usually free from seed 
Small, superior, monocarpous ... ... 4 Achmte 

Small, inferior, dicarpous, often pappose ... .5. Cypsela 

Large acbene-like inferior fruit ... 6. Mtf 

llf. Flbsht or Succulent, indehiscent, often pscuilocarps - 
Homogeneous in texture, pulpy or deshy throughout 1. Berry 
Heterogeneous in texture, wall of 2 or ^ st>parah!e parts 

Kiulocarp stony, superior stone fruits ... Drupe 

Kndocarp (true cartilaginous ... Feme 

Kndocarp, mesocarp, flcsliy; epicarp tough ... 4. Fgpo 

Epicarp and mesocarp a spongy iind ... 5. HesperkHum n* 

B. Aggregate fruits formed from apocarpous ovaries of a single flower, 
each ovary forming a pericarp which may bo dry or succulent. 

An aggregation of such pericups is calleii an ... Etmrio 
0. Multiple* collective, or composite fruits, formed from the ovaries 
and other parts of several flowers. 

They are ripened intloroacenccs calletl ... InfruUscertce 

The infrutescence of F'ig and Banyans ... Sycomts 

The infnitescence of Pine-apple and Mulberry Sorosis 
A dry scaly spike of fruits ... ... Strobile 

QUESTIONS. 

L What ib a fruit, and how would you distinguish between true 
fruits and false fruits ; Illustrate your answer with examples. 

2. Give an account of the various ways ir which fruits break up, 
and give a classification of dehiscent fruits 7 

3. Give a comparative account of the fruits of Guava, Date, 
Mango, Apple, Fig, Cucumber. 

4. Trace the changes which take place in a flower after pollination. 

5. Describe the following and give examples: achene, follicle, 
samara, pyxis, strobile, schisocarp, pseudocarp, endocarp, saroooarp, 
lomentum, siJiktiia. 



CHAPTER X». 




THE SEED. 


The direed rMolti of fertilieedion is tlnfc dhe oVUle 
develops into a seed. So long as the fertilised o^Ie grown 
it draws its noariehment through the plaoenta and retoailM 
attached to it by the funiole. When it matures into the seed 
the funiole withers, leaving a soar on the seed—the Aihm, 

Soon after fertilisation the ovum of the embrycriBae 
rapidly develops into a minute plant or germ, oalted tihe 
tmbryo. During this development a mass of food matter 
is stored in the nueelluy df the ovule; this is termed 
the o^umtn. The albumen may be formed outside the 
embryo'sao surrounding the embryo and then it is 
known as the endosperm ; or it may be formed outside the 
embiyo’sao iu the tissue of the nneellus itself, when it is 
called the perisperm. Seeds with both endosperm and perisperm 
are comparatively few, e.g., Lotus. In certain ripe seeds there 
is no albumen, neither endoeperm nor perisperm. and such 
seeds are termed emaUnminous. The two coats of the ovule 
mature into the ooats of the seed: the outer, which becomes 
hard, is the testcl^ while the inner, whieh remains soft and 
appUed to the surface of the kernel of the seed, is the tepmen. 
The oorresponding parts of the ovule and the seed are: 


(s) Embiyo-asc (gjf® oentents 

4 (b) Naoellm 

5 ^ Itttsguments [ 

(d) f lltotopyle . 

Je) Fnniote 


Bmbiyo 

ssssr]"'”-" 

HioroMts 

FSaiele 




Ootgfoivtha on the seed often arise on the testa. 
The oril is a fleahy rutgrowth fiotn the fnniele which giov 


10(<7) 
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lik« A oup and forms a covering outeide tke testa of the seed. 
The edible portion of the Litohee and the Ansphal is an aril 
and iKrt a part of the pericarp which forms the outer skin 
oidir. The fleshy coats of the seeds of the Lotus. Papaw, 
ai^ the Indian Soap-nut (Ritha'-'^’^'ndux trifoUalus) are 
arSs. The familiar lacinated mace of the Nutmeg (Jayphal— 

M 

Mifristica fragrant) is, however, not an aril; it originates 
about the micropylo and then grows down towards the 
funicle, and is hence a false aril or arillode. 

2 . Sometimes small turners or ridges arise on the surface 
of the testa ; these are itrophiolas or carunculas - e,g. Castor- 
oil seed. 

3. Often hairs arise on the testa. The seeds of Cotton 
and Red silk-cotton are covered all over with hairs. Some- 
taxnes the hairs arise in tufts known as comat; as in the 
small flying seeds of Akai.da (fig. 233), Karabi; such 
seeds are described as comote. 

4. Wing-like appendages are formed on the testa—«. 0 '. 

in Bigimnias, Sajina (Uforinga). . - 



Fig. 261. Winged fice<l ot a Bignonia. 

The albumen of seeds is the reserve foodlrmatter stored 
about the embryo to sustain it during and after germination 
till the seedling is ^ well established on the soil and Is 
capable of absorbing nourishment by its own roots and leaves. 
It may oomiist of (1) starch, (2) oil, (3) proteid, or any otiier 
form of reserve carbohydrate or nitrogenous matter. 
It is usually the endosperm, rarely the perisperm, and 
in A very lew instances is oomposed of both. Thvis, the 
.white edible poition of the Gocoanut is endosperm'; in 
Canne'f the albumen is perisperm} i>^ .botU 8 and the Pep^ 
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thd wed oontoim botb endosperm and parupem; 
texture of the endosperm (or the alhumen) Tsnes 
in different oases. In the cereals, such as Wheat, moa, 
Barley, and in all Grasses the endraperm is ftarinoeeeus 
or starchy.In Poppy, Castor-oil, Coooanut, and genm'aBy 
in oily seeds the albumen is oUp. It is hard or homp in tiie 
Betelmut, Date mid other Palms. Sometimes the inner 
seed-ooat {tfgmen) is folded into the endosperm, so that in a 
oross-seotion of the seed white zigsag strealm ocear'<^.p., 
in Betel-nut, Custard-apple, and the Nutmeg. Such an 
endosperm is termed ruminate. 

« 

In exalbuminous seeds the embryo itself abeoihs all 
the food-matter while it is being stored in the embryo-sac 
and by tfae time the seed is ripe the greatly enlat^ged 
embryo fills t^e whole cavity within Uie seed-eoats- 
Inside the testa and tegmen there is only a large 
embryo and no trace of the Tiuoellus is left. The embtyo 
consists of two large fleshy ootylodoiis, a radicle, and a small 
plumule. The cotyledons store a large quantity of reserve 
food matter, such as starch, oil, etc., which nourishes the seed¬ 
ling .during germination. All plants of the Pea (Gram, 
Bean, Pulses, Ground-nut, Tamarind, etc.), Cucumber (Gourd, 
Melon), Ipomoeas, and Sunflower (Marigold, Zinnia) families 
have exalbuminous seeds. 

Dispersion of seeds.—In order to enable seeds to pro¬ 
pagate the species, the fruit which protects them during their 
period of, growth and development mhst either.scatter them 
or be itself scattered. Dehiscent fruits scatter their seeds ; 
indohiscent fruits ai*e often seed-Uke and scatter themselves. 
This dispersion of seeds and fruits is very newssary, for if, 
otherwises all the seeds of a plant vtere to drop down and 
germinate directly below parent plant, most of them wUl 
soon perish. For, in the first place, they will not find suffioieirt 
air and light, bmng shaded by the patent; secondly, the soil 
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miub Issre 1»en sb least partially vobbed al its nbtritioiis 
tbingB by tiie parent; thirdly the «N^g)e for extrtraee 

i 

iMbtreen so ntany plants, all huddled ttp in a poor sotl and 
oloaed atmosphere, would be too been, Henoe plants try to 
Boatber their seeds as widely as posnble. Hm agents foT' 
sdeh dispersal are (1) water, (2) wind, and (3) ammah* 
while in many cases there are (4) me<^moal oontriTaaoes 
for scattering the seeds. 

1. Dupersal by water. —Some waterplants have float* 
ing arrangements in their fruits and seeds. Thus the 
fruit of Lotus has a spongy torus which floats in water 
and is oarried'away by currents when the stalk rots aw^. 
Eventually it bursts or disintegrates and the tiny eeed-like 
fruits (acheues) come out of their sockets. In the Water-lilies 
(Shalook) the fruit bursts and discbai ges a quantity of gummy 
m^er which holds the small seeds together and keeps them 
afloat; the seeds are also provided with a loose coat of aril. 
In plants living on the sea-coast similar floating devices in 
the fruit are often found. Thus the Coooanut, Beteknut, 
and other Palms have water-tight coats which prevent the 
water reaching the inside, and a very light spongy mesooarp 
which helps the fruit for being carried by river or ocean- 
currents ; the fruit may be earned by the sea hundreds of 
miles away. In virgin mid'Sea islands the first plant- 
colonisers are those which have such floating devices in their 
fruits and seeds. 

2. Dispersal by winds.—Wings on fruits and seeds 
making them extremely light for being easily blown over 
by wind are a common device. The samaras of Sal, Gatjan 
Madhabi-lota, and the winged seeds of Parul, Safina, 
Toona ( Vtdula), otc., arc instances. Fruits of many capitolas 
aiw provided with a hairy pappus (figs. 262-3). The 
secants of the pappus remain elosed up when there is moir. 
tuibe ill the atmospheroi but open out ombreHa-fasbion when 




it i« dry witxSjr. Soob fintito are deeeribed aa pahtehttk 
fn^i ai tiiey float away in t^e air like paraobateg. Raira 
Bttoh as tfaoao on the seeds of Akanda, Cotton, Silk'ootton, 
ete., make tbem very light, so that they are carried 
even by the gentlest breeze. Flying seeds or maall 
fraits are ioand very commonly in tihs intertoe of 
torests where there is little ohanoe of anythii^ heyemd 
wind to help the dispersal. The scatterii^ setton ol the 
wind is not confined to a forwatd propagation only; Eveh 
in a calm sunny weather fruits and seeds provided with 
wings, hairs, and wooly coverings are carried up to a-#eat 
height by the warm currents ascending irom the hot gtoafld, 
and thus are placed directly in the path of Stronger breezes 
in the upper strata of the atmosphere. 



Fig. 262. ’ Fig. 263. Pig. 264. 

Fig. 262. Fruits of VemoHia. Fig. 263. Paraohute fruits of a Com- 
pesitn. Fig. 264. Acbenes of Nanwtba with tke persistent plumose 
style (only three shown in figure out of a dozen or more), 

3. Dtsperaal by animals.—Many fruits and seeds are 
provided with hooks, burs or spinra, or similar attathing 
organs whereby they stick to the bodies of birds smd animals. 

. Such fruits, however, are always smidl, inooQsptoaoas and 
found amongst bushes or thickets. For instanoe) the 
common bedge^ilimber Chagabbati {^arovelirr svyibnscti) and 
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the garden-olimber (7{«nia/»<i have groups of achones . at the 
end of their stalks, each aohene haviog a long hairy tail 
vhieh » really the persistent style. Squirrels and sueh 
other animals running about the place entente these tailed 
fruits in their body and thus carry them over a great dis* 
tauoe* In meadows and fields tiny gra88~fruit8 ^Choar*kanta> 
Bena. Ulu. Kash. Koosh, etc.) often stick to our clothing 
by mmns of spines etc. Many aquatic plants produce 
seeds in such large profusion that ^ey form extensive 
floating patches on the vrater. When ducks and water- 
fowls come in search of food, their body, especially the 
webbed foot, is smeared with the sticky seeds which are 
thus carried away from one pond to another. 

It is, however, in the case of fleshy fmits that animals 
play the most-important role. Fleshy fruits are always 
sought when ripe, but are unwholesome or even poisonous 
so long as they are unripe. The seeds are often too hard 
to be crushed by the teeth (Quava), or have an unpleasant 
taste (Orange). Thus, while animals are invited by the 
soft nutritious pulp, provision is made to protect the seeds. 
'When the testa is not hard, as in drupes of Mango, Peach, 
etc., there'is a hard stony eridocarp for protecting the seed. 
In berries and similar succulent fruits (Guava, Figs, Grapes) 
the number of seeds or seed-like fruits on the plant is very 
large, and this is meant to secure as many favourable chances 
as possible ; some may be cracked or destroyed, but others 
escape destruction. Birds are the most common dissemina¬ 
tors, for they can reach parts of plants inaccessible to other 
animals. They eat the edible pulp and the minute seeds 
or seed-like fruits adhere to their beaks, and even when 
devoured pass out with the excrement with the testa 
softened and the embryo ready for germination. As birds • 
fly they wipe their beaks on the boughs, and the small 
seeds or fruits find a safe landing; they defecate too while 







ityiog. and ih« iodigeatibla {mita aod soedB coming out 
with the dang M on open land end thua eecure the ehoi- 
cest place for gemination. 

i. Dispersal by dehiscence. —Many frotta burst their 
pericarp often with a sudden jerk and the farce U 

suffloient to scatter the seeds. Sometimes the hur^ng halies 
place with explosive violence and the seeds are ejected as if 
from a catapult, s.g. Balsams, (Dopaty), Oxalis, (Amrul), 
Shephalika. The fruit *©1 the Dhundut (Luffa pantcmdra) when 
ripe breaks away from the stalk, aird while falling ejects the 
seeds from the open mouth like shots from a pistol. Some¬ 
times the valves of a capsule execute movements (Poppy) 
according as the atmosphere is-damp or dry whereby they 
help the dispersion of the minute seeds. In dyy weather the 
valves open out, in damp weather they shat up. Other 
dehiscent fruits have winged {a.g., Saiina, Bignonias) or hairy 
(s.g».. Cotton, Akauda) seeds which are carried away by wind. 


SUMMARY. 

The Seed is the structure ilevelope^l from the ovule after fertilisation. 
It couHists of (a) the embryo, 1(6) the endosperm or albumen, and (c) 
the seed-coats. In some seeds the albumen le not present, hence 
called ezalbuminoasseetis, but the embtyo has large deshy cotyledons. 
The albumen consists mainly of starch, oil, or proteid matters, often 
a mixture of these. The testa or outer coat of the seed may be 
arillate, t#., with an aril; hairy, covereil with hairs ; oomose, 
i.a., with a tuft of hairs ; or winged. 

Seeds and seed-like fruits (achenes, oypaela, samara, etc.) are 
dispersed by (1) wind, (2) water, (3) birds or other animals and human 
traffic, and (4) by explosive dehiscence of the pericarp. 

1, Seeds dispersed by the trind arc hairy (Ootton), oomose (Akanda), 
or winged (Bignonias). Small fruits dispersed by the wind are 
samaras (Sal), or pappose cypsellas (Belichrysium, Vemonia). 

2. Seeds dispersed by water often float hy a spongy aril, or are 
held together by a Jelly-like substanoe from the fruit (Water-lily). 
Some fruits floit Jn water and are carried away by streams qt oceap- 
enrrents, Palms, 
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,St 6«edB diipened birds stick to their faesk 'Wbich ti^ wt|M on 
tiM •( trees (Fip, Oases), sxid oosy eeen bfi detoand wltltoM te- 
Joty, for th^ pses ont with the dong sod the tcdd fluid ifi the b^s 
■ti mimAb softens the tests of the seed sad mskes it easy for the embryo to 
oomo otUi daring germination. Some seeds cd fieshy fmfts ore very Utter 
Mfl even polsonons, so they are never eaten (Orange). 

4. Seeds of some plants such as Dopaty, Amral, are jeiked out with 
force who& the frait barsts., 

QUESTIONS. 

1 

1. What 38 A Beet! ? Trace the changes which take place in the 
ovale from pollination to the furmation of the seed. 

2. Distingniah between albaininoas and exalbuminous seeds. Give 
a riiort aoooont of the albunicn of seeds. 

3. Examine and describe the following see«ie Castor-oil; Poppy, 
Caatard-apple, Saafl.ower^ Pea, Tamarind, Mango, Gaoamber, Rice, 
MoBtard, Litchee, Jack, Bean. 

4. Give an account of the variooa ways in which seeds ate dispersed. 
Why are tliey so dispersed ? 



PART II 

INTERNAL MORPHOLOGY 


anatomy of plants 




CHAPTER Xia. 

THE CELL. 


A plant it mad^ up of extremely minute ehambars oalIM 
cell* (Kosh, Sow). They cannot be seen with nah^ ajra# 
but a mioroaoope which magnifies small obieoti k neeeswi^. 
If we strip off the skin from a young leaf or take a very 
slice from any part of a plant and see it under the miorcipeic^e, 
we observe a structure resembling a honey*comh, made up of 
chambers very much like the chambera of a boney'eomb. 
These are the cells. They are extremely minute bodies being 
actually no bigger than tl^e hundredth or thousandth part of 
an inch. In some of the lower plants they are so small that 

they appear as mere specks 
or dots even when the 
microscope is magnifying 
a thousaud times. Cells 
may. in a manner, be 
likened to the bricks of 
a building. Just as a 


pr 


' — n 



Fig 266. A thin slice of a 
young root, showing the cellular 
bliucture (umgniiied 40 timeB). 


a building is made up of 
bricks, so a plant is made 
up of cells, and just as in 
a building the bricks are variously grouped to form different 
structures, such as walls, pillars, arohesTeto, so inis plant the 
cells are variously aggregated to form different tissues^ such as 

f K . ' 

the hard bony Ussue, the soft nutritive tissue, and so on, 
which go to form the different parhi, stem, root, leaf, etc. 
of a plant. Here, of course, the comparison stops, for plants 
are living bodies, so thc^ components, oells, are also 
living bodies, thoui^ most ^of them die in course of time 
and then form the peimauent frame-work of a plant. The 
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celk of a young growing plant, of any growing organ, ai‘e all 
living ; those of the trunk of a tree are mostly dead. 

^very plant begins life as a single cell—the fertilised 
ovum. The ovum is a female cell; it cannot grow unless 
united with the male cell deVelloped from the polten-tube. 
Mter this union, the fertilised ovum rapidly divides and 
forms from itself a number of cells. These also divide and 
grow., and place themselves in different groups so as to form 
the parts of the embiyo. Thus the embryo is a mulficgttular 
structure which is gradually developed from a nngle cell— 
the fertilised ovum. After the embryo is formed it rests 
for a time, its cells lie dormant, until awakened to new 
life at the period of germination. From germination on¬ 
wards the life of the plant is a ceaseless division and multi- 
plieation of cells followed by their growth in volume, and 
after maturity, by death. A plant thus consists of myriads 
of cells, some living, some dead. .Some of the living cells 
coi jinuously divide and produce new cells, others can'y on 
the various nutritive processes, such as assimilation, conduc¬ 
tion, and storage of food matters, while the dead cells merely 
act .as protecting organs, such as the bark of a tree, or the 
ppines, thorns, prickles, etc., or merely remove the waste or 
iK)isorou8 matters of a plant. Thus leaves are at first rapidly 
growing because their cells rapidly grow in volume, and then 
• fter preparing food matter in the soft green tissue and 
removing the same to the yourtg buds and other growing paits, 
the cells die, the old l^f withers and then falls away. 

The living substance of a plant is a jelly-like matter, 
called protoplasm, which resides inside a cell. It is like 
a drop of honey in the honeycomb of cells—a colourless, * 
more or less transparent substance, though often it 
looks turbid or granular owing to the presence of minute 
particles pf ,food-matter. It is this that lives, grows, and 
multiplies, while the wall, called the cell-wall, is a mere 
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seeration of the prDtDfilasm. In the growing parts of a plant 
the cells ooiitain a dense protoplasoi and a very thin 



oell'Widl; in a grown¬ 
up cell the pri^ 
plsBin is thin hot 
the cell-wall is 
prominent, while in 
an old dead' cell the 
protoplasm is absent 
and the oell-wall 
is very thick. “The 
old dead cells of *tbe 


Fig. 266. Sections fiom the eoibiyo 
(right) find n very young seedling (left) of 
Maifie 8bo\»ing the cell-wall and protoplasm 
with its nucleus (magnified 240 times). 


bark or wood oi a 
plant does not con¬ 
tain protoplasm but 


only sir or water. The ovum, the female cell, and the 


male cell of the pollen-tiibe, are merely masses of protoplasm 


without cell-wall. The fertilised ovum too is at first 


simply protoplasm, but after fertilisation pi’adually a cell-wall 
is secreted on fhe outside, and the walled cell thus foimed 


divides and the daughter-cells again divide and so on; 
in this way the embryo is formed; fhe cells of the 
embryo have all cell-tvall and protoplasm. Young living 
active cells have both protoplasm and cell-wall, dead 
cells have only cell-wall and no protoplasifi, while the 
reproductive cells have no cell-wall but only protoplasm. 
The repipdiictive cells, the male and female sells, are 
called naked cells, because they have no cell-wall—they are 
naked protoplasts. 

' The protoplasm may be seen under the microscope by monnting a 
few threads of the green thread-like alg», often found in ponds and 
ditches, In a drop of water on a glass slide. The magnifiM threads 
appear as rows of cylinders or barrals (fig, 267), These are the cells. The 
protoplasm is inside the cell-wall. The wall may be broken Igr roughly 
tearing the threads and then, the protoplasm comes out as a stream of 
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frathy BatiW. I^fae polleB'giains b{ flowers tt^br^Dpi^good JGSw^ 

p(fllen-gm^ )8 a cell eontainiiig a dense j»rotop]||Sfl)i saneonded by a 
tliU& firm si^ll. The grains may be indnced to bnreli by plfibing tbep 
in warm aloohol or giyoertne w^ the ptrotoplasm pottni mit as a highly 
granalar Wimy matter. The delicate root'hairs or be^hes ti thf|. root 
of Pistia fPana, Beiig.), Water-hyacinth, or any floating aqtwtie, may 
sUso be examined with advantage, 

PiotoplaMn ia a genera] term applied to liie living eon* 
tents of fliieell. It is usually of a slimy semifluid ooimistency, 
although under certain oircumstanoes, as in seeds and spores, 
it exists in a dormant state as a dense or tough mass. In 
all TMttiye cells, however, it contains a large pereen^e of 

ot^rjDattejig fiwpwea hs 

Being the fundamental basis of life the protoplasm has 
to perform all the varied functions of plant-life—nutrition^' 
assimilatToo, secretion, reproduction, etc. Accoidingly there 
are different /oriws of pi'otoplasm, all differently constituted 
to carry on different tasks. The male plasma developed 
in a pollen-tube is distinguished as f'pttntaioplatm, tho 
female of the embryo-sac (ovum) as the ooplasm, that of a 
spore ^soroplatm and so on. 

Strui^uxe of the protoplasm. The. protoplasm of a cell 
is usoally differentiated into distinct layers each having a 



Fig. 267, ; Naked reproductive cells swimmifig in water witb.pilia. 
The first tvSS are naked protopifists with numermis eifia bn ttie suriaoc. 
Tbe tbJi’tl^guro is that of a filarosplouB alga composed of a row of 
oeUs ; at t|ie middle is a cell the wall of which has. but st and the 
protoplasm ;is escaping as naked twimming cells, * 


STRtrOTUUB; PRO^PLASM W7 

dteHnot iom wid fUitottcm. In tlijo nakdd urnproduotilre oelli 
of low^r fjftnti, ^ore is outer ^In tetM^ona layer, the 
ectopiKm, irhieb'Ut almost tr^parent jand oompietaly 
invests »h%My granular inner ffewwnt^ the cmdoidfum^ the 
main* body oi tlMS protoplasm. Imbedded in the endophwm 
is a large, dense, h$gh^ reiraotive, spherieal body termed the 
nucleoplasm .ior the nucleus. l%e eotoplaem is Hhe a 

A • 

thin al^i^ aiMl_.sePvwa prptegt the inn er me re aoiaye 
plasma; it also often helps the about by 

th rovmig oqfc_ proieotions, temed o&ia (fig, fifi?) 

which iMh in iitater and propel t^e whole 
endoplasm is the actual nutritive field ; its graMar 
appearance is due to the presence of veiy minute drops of 
food*matter (metaplasm) which it partly manufactures and 
yiartly assimilates. The fw^on of the nucleus is to gui^ 
the activity of the wholT^ss Of plfisma- 

In all walled cells (fig. 268) the protoplasm k, as a 
rule, similarly differentiated into a central spheiitml highly 
refraotive nucleoplasm or nucleus and a gelatinous ground 
substance. This part of the plasma (which iprrounds 
the -nucleus and fills up the cell)»is the M^il-pj^iSma or 
cytoplasm. The structure of the cytoplasm is granular 
like that of the endoplasm, and the functions of idte two are 
sdmostthe same. But in addition the cytoplasm contains 
imbedeed in it numereus bigger granules, much smaller than 
the nucleus but, like it, highly refractive and dense, which 
u^er difierent oirennistances become ptouliaiTy colour^. 
These are known as tbifpigment-bearers or diTomatophorea. 
It is due to their presence that leaves"are^^wnT^ST 


flowers and other organs have all those exquisite shades 
of wlour. yi^Sms, and 
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exammed. under the high t>uwer of a miorosoope, it will be 
observed that the oonstituent cells are densely aggregi^<ed, 

s 

Fig. 268. Fig. 26«. 



Fig. 268, 4 young cell from the growing point of n stem, 

(magnified 1000 times). A, nucleus ; 1$. nucleolus; C; cytoplasm ; D, 
cell-wall; E, chromatin; F, chromatophorcs. 

Fig, 269. A growing cell showing I he formation of vacuoles. A, 
nnclcns : B, tonoplaim surroundsng C, a vacuole ; D, cell-wall, 

that they have very thin, transparent, almost invisible cell- 
walk, aiid that they are filled with a highly granular 
protoplasmic matter. The nucleus in each cell is large and 
occupies the whole centre (fig. 268. A). The chroma^hprea 
(F) appear as colourless granules imbedded, in-t the cytoplasm 
and lying all about the naoleus. Sections taken a little 
lower down the growing tip of plants show an almost 
similar structure, but the cells here are much larger and 
the cytoplasm instead of filling up the whole cell-cavity 
develops cavities within itself, as shown in fig. 269. 
These cavities are called the tap-camtits or vacuoles and 
Ute liquid which fills them is called the cell-mp. As 
the cell grows it absorbs a large 4|aautity of water, its 
cell-wall it; greatly distended, and tlie c^^plasm becomes 
swollen s^d forms inside smell cavities fihed w^tfa water. 
Thus Ae cytoplasm of a grown-up cell is excavated or 
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viMoolated. In rapidly growitig esils all the sap^yi^es 
ftaally coalesce and form a large oentrid vacuole (fig. 370X 
1%e cytoplasm never recedes from the oell'wsll; even in very 
old cells which are all but dead, it forms.a Utin layer lining 

j 

the inner snrfaoe of the cclbwall, and is t^en termed the 
primordld utricle. The nucleus lies always embedded in 
the cytoplasm; in old cells it becomes smaller. In a vimuo* 
lated cell it tisuslly occupies a parietal position in the lining 
layer of the cytoplasm (fig. 370) ; but it may cdso have a 
cetitral position, being then suspended in i^e vacuole by 
strands of cytoplasm running from the nucleus to the outer 
protoplasm, as shown in fig. 271 ; no part of the nuslnus 
can be free from cytoplasm. 'K 

In young cells the 0 }rtop]asm surrounding the nucleus and * 
filling the chamber of the cell is uniformly granular; it does 
not contain any prominent sap-oavities. In grown-upj^^ 
especially in the vegetative cells of plants7~ the'"cytoplasm 

V * * * * 

exhibits a further differentiation. Tbe layer which Ijlpas 
the cell-wall generally is denser than the rest, is non- 
granular and hyaline, very much like the ectoplasm of 
naked cells. This layer is known as the hsmloplaank. 
Under the microscope it appears as a thin watery line 
separating thq inner granular cytoplasm from the cell-wall. 
Another similar layer surrounds the vacuole and thus acts 
like a boundary line separating the contents of the vacuole 
from the outer granular cytoplasm. To this layer the term 
tonoplasm is applied; distinguished from these and lying 
between them is the middle layer of the oytopham which 
is called the polioplasm. 


The meaning of this complex protoplasmic diffemntia^n 
is this ; The ,, mttch j to ^ a of 

pUsma-oonBtito iiiiii ^ <had^-. ia poxhiips also the seat erf Tlt«^ 
^ivititft . It ^ tlie organic centre of toe vdide plasma, 

, contrpljinf it, and is hence alwaya 

U((i) 
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4 urrDuttdl«d by the oytopUwoi. The gMsular paH of the 
oytopiMTp. ii the actual laboratory of a ceU; it is here that 
the protopUsm prepares and aiwMnBates its fowL Hie 

J—_J. I^r«< >y ij" »<''•*’**• I ' '•■'■it , _ J „». ) •*W»((*C'*^** 

gvanuiMi called mtaplasm or inicr9$mts, are mostly maters 

# 

in a very fine state of division; they are either the 
m^ufaotured products of the protopUsm, or are, food' 
ei^bstances in the course of being assimilated by it. 

During the complex chemical changes which take place 
in the cytoplasm, food materials are absorbed and assimilat¬ 
ed and some waste matters are also formed. The manti- 
iaetured products arc formed rapidly, so rapidly that they 
threaten to clog the cytoplasm unless speedily removed from 
the manufacturing centre. The vacuole then serves os a 
"• temporary storehouse of these manufactured products, 
chief amongst which are various kinds of sugars. The 
vacuole also serves as a storeiiouse of water, a tank from 
which the cytoplasm may draw supplies jvs required. It 
is nectary therefore to limit the vacuole by a denser 
hyaline layer, the ^ tonoplasm, .which prevents the cytoplasm 
being mixed up with the vacuolar waste-matters, and also 
checks tpe overflow of the surplus products and water 
stored within it. Consequently the tonoplasm is a layer 
mounting guard over the vacuole and regulat&g the vacuolar 
pressure ; it has a more or less protective function. The 
hyaloplasm, the external lining layer of the cytoplasm, is 
also protective and hence denser. It prevents on the one 
baod* too much friction of the delicate granular plasma 

JK-iitXn r /*!•••* «<■ •««»•»■»•> ' ‘ '.nr y W 

with the rather solid cell-wall, and, on the other, aliows'the 
passive of water and only of those raw food matters, .which 
the protoplasm requires from the outside into the cell. These 
two hyaline layers, the hyaloplsam imd the tonoplasm, are 
protective and are hence homogeiieimB asd dense ; they are 

not graoular beoatue they are not oonoemed with tite task 

* 

of iwimilation ' or preparation ojf sugar or smAi things, 





In ocrntrast to toetie teyeiv tlie tn^khile granular {dtoma 
wliioh has to prepare aad iusiftillato toed called the 
pf^iof^eum. 


n I 

liliat the graonlar cytoplasm Is the most adive pait u 
evfdenoed hy the constant nioi>tmgfA iU parH^ which 
may he oheerred in most cases. In the swimmii^^ nahed 
cells menticmed i^ve the endoplasm, which eott^ponds 
to the polioplasm of walled cells, is constantly changing 
its shape; a ceaseless streaming of the metaplasm 
granules takes place indicating a' state of intense 
aotiyity. 

Almost similar movements may be ofaeerved in ‘many 
vegetative cells of higher plants. The protoplasm in these 
cells being walled can not, however, move about bodily like' 
the swimming primordial* cells, bat the constant change of . 
configuration in the nucleus and the bigger granules evi* 
denooa a similar unstability. In certain instances, moi'oover, 
the movement is vei 7 rapid; it looks as if a torrent has 
descended into a river and the muddy water flows along at 
a great velocity. To observe such a streaming mpvement 
take a leaf of the common aquatic ValHfneria spiraHs, and 
got a rather thick longitudinal section ; romvnt it in water 
and then observe under the microscope. The cells appear 
to have dark green contents and a large central vacuole, 
as shown in fig. 270. The protoplnsmjprms.a pari^^ layer 
containing innumerable green bodies, termed cbloroplaste, ■ 
whicTi more or less mask the true hyaline colourless. basis 
of the oytovfiasm. These green bodies, as well as a host 
of minuter granule^, are seen to be moving in a steady and 
i'apid stream in the cytoplasm. On the twO aides of this 
stream, lining the cell-wall and the vacpple, there «re clear 
watery iion*granular layers of plasma in which the roove- 
nmnt i« not noticeable. Th^e two layers are the hyalo* 
plasm and the tonoplasm respeotivfely. 
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The moTement of the grtsnular plasina in Vallisneria i« known a» 
rotatiy^; it i« common in mofit aquatic wbm thc^ 

liTgSlud oocjQjjieB the A eiinilar rapid 

mOrCffient can be observed in the hairs of Cucumber and many other 
herbaceous plants. The protoplasm ot these hairs does not form « 
strictly parietal layer but has thin plasma-strands going forth b 





Vig. 270, Kotation in cells of ValliBneria—the dark bodies are 
the moving chlorop^asiB ; the arrows indicate the direction of move¬ 
ment (magnified—400). 


it, traversing the central vacuole and sometimes foimicg networks 
as shown in fig. 269. The movement of the gianuJcs is not regular and 
constant in direction, as in the last tase, but is inogular. Granular 
currents often run in opposiie directions, now uniting, now dividing, 
and give the impression of the movements of vehicular traffic in a 
crowded city. Such a movement is often referred to as eircttlatioiit 
the p‘:isma-strands being supposed to circulate food matter throughout 
t he cell, like the blood ot animalK 


The nucleus is tb(j most iinpoitant part of the proto¬ 
plasm; it is the coritrollitg <'eiitre of all piotoplasmic acti* 
vities. It takes tho leading jmit iji reproductive functkuig, 
in the formation of new ceJla from qH ones. It is supposed 
to^co^ntaTiiTlfe hereditary substance, i.e., it is through the 
n ucleus that the hereditary characters are supposed jfco .be 
ti^iVsiSif^ed tci the successive generations. Possibly it is 


» , 

also the stoi-ebouse of all those things which are required 
from time to time by the cytoplasm for carrying on its 
’ various functions. As a rule there is one nucleus in one cell. 
Structure of tire nucleua:— In external appearanee the 
nueleua looks like a puhetated ball, somewhat like the 
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surface bf an orange. It k s.ijirvouQ^NI on ^8, .fittjside-hju* 
clear and dense layer of plasmaj#|!d ntfdfar 



Fjg. 271. A BiDgle cell from the ekin of an Onion scale (magm- 
fierl—1400). C, W, the cel 1-wall; P, cytoplasm; N, nucleus; Nro., 
nuclear membrane ; Ku, nucleolus; Gh| cbiomatin granules imbedded 
in the network of linin ; V, vacuole. 

The mass of the nuoleus is composed of a gelatinous ground 
substance of colourless threads the substance of which is 
termed the linin. The threads are intertwined and are 
connected to one another so as to form a complicated net¬ 
work in which lie embedded numerous globular refractive 
bodies called chromatin granules. One or more bigger 
bodies, the nucleoli (finff-i nucleolus) occur in this network. 
Numerous small cavities also appear ; these are filled with a ^ 
nuclear sap which sometimes circulates throughout the nuclear 
reticulum. The plan of ootistruotion of the nucleus is the same 
as that of the protoplasm. The corresponding pirts are :•<- 


Pkotoplasm 

(a) Hyaloplasm (ect plasm) 
(D) Cytoplasm 

(c) CbTOBWitophot'es 

(d) Nacleus ... 

(e) Yacnoles 

(f) Gell'sap 


NtrciiEUs 

... Nuclear membiane 

Liuln 

... Chromatid 
... . Noeleolus 

Nuclear sap-cavitiev 
Nnolear sap 


• at 


««• 




in 
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elunmaitopKovM a I'd oaildd th« pigment*be«» 9 n 
b^Mwe tiiey oftw 4eveiop)^igtn9^ ^ 

80 Ixtcome coloured. lo itery young eeila, wliere tb^ «r» 
located priooipfdly roaod the mi^llliNl) tiiey fint ae 
anudl, round or oval, colourless bo 4 iM. TlH»«tdginentB are 
developed later on jn a well-groern oell under the inflt|;eDoe 
of ait «od light. They are usually termed the plant'-^aetlde, 
and according to the cdoifr are of three kinds; chkftphsts 
(green), ehromc^sts (recj, yellow, or of some other^ oolour), 
and Uaeoj^cats ^^te). . * 

(l) The ekhreplatis^ or'^ ehlaroplattids are gireen 
obromatophores found in the green ^rts of plants aty, green 
stems and leaves. They wnsist essentially of |i coIourleM 
plasma within which are developed drops of oily matter 
oesdiaining several pigments, of which ’‘a green jdgmgnt, 
known as eitforop^f, is the most important. The mly drops 
‘ aCe known as grana ; they decompose and bebeme yolkeg 

in strong suirhght, also in old cells of withering organs. 

Tke chloropiasts by virtu > of tbeii green colouring nuhttei cm 
ubKnt a portion fftHmg on the gieen leaves and fatem$| and| 

help of the p^rgy thus iieiived horn solar radiation, prepare 
organic mbbtanoes^ siticU as sugar and staiob, out of the^raw tnauriald 
preseoli in a green cell. They ait iho most impouant assimilatoiy 
organs of the plant, withovMhem plants can not ashimilate the raw 
mattfis nbaoibed fiom the soil and air. The colouring matter 
(chjoi^pbyll) i« foimed only in lightj sc <.bat a platit'^aept in tbc dark 
Kwn dies. The cblcMplyil can ho easily extracted by alcohol by eeak- 
^ ing^graen JtTWee m theTiquW, 

*^( 5 ) cfmm^hSfs or chmnapla&Ms occur in coloured 
parts of plants, such as the floral%aves, the skins of fruits, 
l^reddiah skfap of certain roots (Q^trot) and underground 
atenae, etc.'^ They are coloured ebromatophores, the usual 
ahades pf colour being ye%w, red and orange. In shape 
titiey retsemb^ the ^Tanules of ohloroplasti but are usuidly 
j sometimee their occur in crystalline masses 

tbem^ ciyetilline apfiearance. 



stmarum qf . m 

I* 

(S) Tike Um^lasts or kk#6 oolsatleat ofaroff^-^ 

tof&ores i^ad io o^Ub in tb* ini«|ii$T of fhote wfaere 
oan no* penelMfte. tftoy ora epa^l dbvftdguit in tiba imdai^ 
gnmnd part* of plantNb «.p. rood uidl ondargnmnd ftsenia, 
iha in (be i^rUx df^drial tfteniB. They are ^Msforndd 
into green ^blocOplaste irben such ^rte exjj^eaad ho 
light 1 9 . 0 . tubei s of the Potato plant turn groan vbei| they 
become expoeod to the air. Laaooj^ts aro, 
conoernedl v!tb (be production of * 8tai’cb‘‘gmns $ iia»te hh^« 
are Ttnown a^9fag^8i»fdgr& 

A 

To ^S^^rve the steneture df tb|> protoDpJasm an4^4ilo 
nuoleuB tba foilowiiig method may be fq^#^ Talee 
the inner odMte.«|Lefihy aeales of the Onion bulb, and peat-eV^ 
ite skin by limpet; foldftig it into tvro and sharply drairing atSt 
piece aga^iet the otli^r. The |>biD white skin thos ^btaload 
is at once put into aleobol and out into emalb^^tooea. Htf 
aloobol ‘ fi3|jM ’ cbe protoplasm, that is. kids it wfdtoot de# 
troying its structure. piece* is then washed in wtdier 

' and mounted in a drop of Iodine soltrtion on a pfeee of glass 
slip. Under the microscope the sMtion 1|||p^sr8 to be msi^, 
up of innuDoaerable rectangular ohambdm' or calls. 
central portion of each cell has a large deep yellow nadbras 
within which the dark dots of chromatin are apparent (sba 
fig. 271), The nucleoli will be found to ben laod. deeply 
stained and looli! like circular blots. T|m cytoplasm is of a 
light yellow polour and forms thin strict stretchiog inau 
the nucleus in the centre to the layer lining the csibw^ 
The nucleus is thus suspended in the centre of (baw^ 
cavity by oytoplasmio strands, as shown in 
other piece is kept in ES^sin solution for a iOilH||S|iSkd tben 
thoroughly washed in water and mounted in a <i^K>|r ol 
glycerine. The nucleus is deep fed, the oytjOfdwni ih towe* 
red, while the nuoleoli and the ohcosuiiin io^ ^e iMurlet 
dots. Another piece may be ^phkoed Ip h eidxtnre of eqlp} 
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parts of a 1 par eatit. solutiop of lodioa graao and 1 per cent, 
flolutton of Fucfaain in water, for one or two minutea ; then 
washed very thoroughly in water and alcohol, and finally 
mounted in glycerine. The cell contents show a very 
beautiful differential staining. The cytoplasm is rose red, 
its strings are pink, the nucleus is green, while the nucleolus 
is dark green or almost bltiok. 

Instead of the scales of onion, the young white roots of 
such floating aquatics as Pistia and the Water*hyacinth may 
be taken. The nucleus is clear and large in very young 
organs, and when such organs are transparent they are ex* 
oellent materials for observation. 


SUMMARY. 

Protoplaftm tha living Bubfitance of a plant. When active it ia 
ooloarlf'BSi almost tranBpareur, amt Bomewliat vificul in consistence, !t 
exists in various forms, bUt the protoplasm of an ordinary vegeta¬ 
tive cell is usually differentiated into :— 

1. CytopUsm, the ground-substance of the cell-plaBma, includes ;— 

(a) Hyakplasm-^th^ outer hyaline layer of plasma in contact 

with cell-wail. 

(b) FbUt^lasm—tht inner urauular plasma, the granules Afeta- 

plasm being snspendcd in a clear plasma. 

(c) Tcrwplasm—the thin hyal’ue layer enrroandj^g vacuoles, 

2. Chrotnato|dH»re«^the pigment-bearers. They Jkay be ;— 

(a) Chloropiasts or green : found in green pitta of plants 

(b) Chrvmi 9 >lasts or coloured red, yellow or orange : found in 

petals etc. 

(c) Lmtcoplasis or white ; found in underground parts, and in 

the interior of stein, 

3 Nucleus— the most refractive and the densest part of the 
protoplasm, consisting of :— 

(a) Linin—the hyaline fibres forming a net-work. 

(b) Chromatbt—‘the gmnnles imbedded in the linin network, 

. ‘ (c) yVw/spftw—the organic oeptre of the npolens, 






Sveiar bee^ Uie M »lertassed onua. 
AtthfsilaKt this te a §imph ohm of plfwm witboai oelKwall, md 
oonsitts of a thin onter hyalinh tagror Bdifilasmt tte oentrnl 

naeloii0| and the gmnalar bacAs called the Skioptasm. Qradoallj a oell* 
wall is seoretad on the oatside. The cell tMn dlfldes many times 
luid eventaally ;a malticeUnlar esibryo is formed. 

Bvery ocdl of the embryo oootaina a thin eeU^wall and a»deiise pro- 
toplassa As the ceils grow they develop inside small chambers called 
5!||p ctfribee oontaining a liquid called Crii-sap» In lai^ grpwa up 
r cells t;be protoplasin forms a layer lining the ceU-Wsll and the sap* 
cavities all unite to form a large ceatral ctmoaber oaUed the 
Farther on, in a grown up tree, many cells lose their protoplasm^nnd so 
become dead ; these dead cells oonsist only of the cell wall and contain 
sometimes certain other matters deposih 6 d by the protoplasm. 4 

Young and active protoplasm shows a peoaliar movement ol its 
particles. The naked cells of Algae and Fungi rapidly move about Ijke 
in vrater. In the wailed cells of higher plants, the prt^ioplBein 
shows ranning streams or currents in it. This movement (called 
cyelosis) is called, ( 1 ) fvtatbn when there is a big vacuole and the stream 
goes round it parallel to the cell-wall, or ( 2 ) Oxnlatim wimn there 
are cross-currents running through the vacuole as well. 


questions. 

1 . D^ribe a. typical vegetative cell, iliastrating your answer 
with a diagram. In what respects does a young cell differ from a 
very old one J 

2 . What is protoplasm ? Where is it found in plants and what are 
its funotions i 

5. Give i|n a^ant of the living contents ofcell, and the parts 
they play in tl^ life of a plant. 

4, Describe the following with reference to their (A) foriq, and 
(n) function: tonoplasm, metaplasm, cilia, cytoplasm, polioplasm, 
nooleus. 

6 . What are plant-'plastMs 7 ^B^||j^^,l|re they found and wlmt are 
their funetioBS ? 

<5i Describe some praotiml methods fofT tAtemvIhg the stmoture of 
protoplasm. 

7. What is rotation of pxotoplaM 7 Describe an exp^iment yon 

may have performed to observe this pbenqzncsum* ^ 

12 



CHAPTER XIV. 

THE CELL-WALL. 

♦ 

Its growth.—The cell-wall is a secretion ol the proto¬ 
plasm. It appears at first as a very thin akin wbieh is 
permeable to water and extensible like a bladder. As the 
cell grows the vacuolar pressure more and more distends the 
delicate wall, but it is prevented from being ruptured by the 
addition of new particles of cell-wall substance secreted by 
the protoplasm. The superficial growth of the cell which 
thus takes itlace is due to the introduction of fresh particles 
from the protoplasm into the original thin membrane. This 
growth by inUissuscepHon, as it is called, appears to go on 
80 long as the cell grows in volume. Along with this, thin 
layers of cell-wall substance are also deposited on the 
original thin membrane. This is called growth by apposition. 
So that growth in surface of the oelTwall goes on : (1) by 
the introduction of particles, and (2) by the deposition of 
layers of cell-wall substance. But when the cell has attained 
its maximum size, and no further growth in volume takes 
place, layer after layer of the cell-wall substance is deposited 
on the origiiral membrane. This is called growth by super- 
position. In this way the cell-wall becomes thickened. Thick¬ 
ened cell-walls when examined under the microscope always 
exhibit a stratified appearance. The stratification (fig. 272) 
is due to the deposition of successive thickening layers; 
thicker denser layers alteimte with thinner less dense ones. 

Its structure.—Very young oells have a scarcely percepti¬ 
ble wall ; it appears as a very thin, almost transparent, line 
limiting the protoplasm of one cell from that of a nei^- 
boufing cell. In mature cells the wall is commonly thickened, 
excessively so fn certain thick-walled cells. In such a cell 
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three dUtind; Uyera may often bff diatengufahed in the ceH* 
wall. The original membrane upon wbioh the aucceaaive 
depoaitions take place ia the outertnoat,—it is the primary 
layer; the tertiary layer ia that whioh faoea the oavity of the 
oell, while the Mcondary layer lies between the two; the 
secondary layer is the moat prominent and beeomea variously 
modified and impregnated to give rise to eells of peouiiar 
importance. 


IStratlticationB in i he 
thickened ceD'Wa)!. 

Thickened cell-wail show¬ 
ing the primary, secon¬ 
dary , and tcrt iary 
layers with pits. 

Fig. 278. Dead thick-walled cells from ihe outer skin of a plant. 

The growth of the cell-wall ia rarely uniform. This is 
especially the case in thickened cells. In them the secon¬ 
dary and tertiary layers are seldom applied all over the 
whole surface of the original merabnine. For , during the 
thickening process the protoplasm takes care not to imprison 
itself within a thick wall, not to shut itself off completely 
from the outside whence supplies of food matter are coming. 
It usually leaves, from the very beginning, little spaces on 
the original cell-wall upon which the thickening layers are 
not applied ; the spaces thus left vacant may in lime rupture 
and form a narrow passage through which the protoplasni 
may escape, or the thin original membrane might allow 
the diffusion of water through it carrying food matters to 
the protoplasm. These spaces or small window-like spores 
are teru ed pits ; they may be com paved in a way to the 
cabin port-holes of a ship. Cells provided with pita are 
termed pirted-ceila (fig. 27 2). 
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Pits are tfae nirtfaiokehed areas of tbe odi^wall 
arfak^ tlie protoplasm and oilier contents of adjoining cells 



Fig, 273. D iagrams rfpreeenting bordered pits, F, a thickrued 
celNwftll common to two cells with two bordered^pits on two Bides, W, 
the primary membrane left bare. D, the circlee represent the inner and 
outer openings of the pits, C, shows the formation of the border. 

communicate. * The pits in adjoining cells coincide and are 
separated by th e thin primary ciistn^-fnemirone common to 
the two cells. In young cells this membrane has minute 
perforations through which fine threads of protoplasm (called 
plasmodesmd) pass. In this way the protoplasm of one oefl 
is in direct communication with that of another. 

Simple pits are mere canals which i>enetrate the thick¬ 
ening layers of cell; they are circular or elliptical in outline. 
A special kind of pitSi called bordered pits, is formed on* 
certain long water-conducting ctjills (fig. 276-B). They are 
so called because the thickening layers are arched over the 
unthickened area of the primary membrane, so that the 
opening become s contracted towards the interior of the cell. 
Seen from tbe surface a bordered pit appears as two concen¬ 
tric rings. 'The smaller inner ring represents the narrow 
opening of tbe pit faring tbe cell cavity, the larger outer 
^riiif ftotresponding to tbe margin of Uie prlmfary unthiok' 
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ened (Mfl'wall {we Suf. 378). In •diinin l^g oonduotlng edb 
smpl« pits arise in such large numbers tbat tbe ar^ ol tiie 
ib ll’waUxig wh ich th^ occur appears tmrforatod like a rieye. 
'Djcsc Pits are known as siev«>Dits : tbe wall on whicb ther 

,»■■».■ ... .»»•” - « ■ ■■ II _ _,| l*IT~~~^“‘^ «.|^||.I' ■Wl"i—Wi 

occur is meyc^iilfeijftpd the cells^^^nj^^^ 


estebltsh interco mmunioatto n lorin sieve^-toJpxea (8g. 375). 
The protoplasmic oontento of Biev6*tu])es pass from ope cell 
to another through these sieve-pits. 



Fig. 274. Au annular Fig. 276. A Bieve-tubc (to the right) 

VC68C., a, p, the thickdifd showing the sieve- plate jjp. with sieve* 
rings. pits in the tiansversc membrane. 

In certain long dead cells (fig. 376. C, E). the thicken¬ 
ing layers are localised at certain parts only and leave wide 
gaps between them ^ the intervals are thin membranes, 
litis happens because a great elongation of the cell takes 
place subsequent to tbe deposition of the secoQ<&ry and 
tertiary layers, so that the untbickened parts are fully 
stretched out. The thickened layers are sometimes iu the 
form of spiral bands, sometimes like dosed rings (fig, 274), 
not nnoften in paralld broken rid|^ l^the rungs of a ladder 
(fig. 276, E), or forming ndrworks. Tbe cells in which such 
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tfaiokenings occur are usually arranged iu rows or ohainci the 
separating walls of which are thin and eventually vanish or 
break down, leaving a eontinudus passage through l^em. 
Such structures are termed vessels, add according to the 
peculiar form of thickening layers, there are spiral, annular, 
scaktrifarm (ladder-like) and retimlate (net-work) vessels. 

The cell-wall substance. Soft-walled living cells have 
their cell-walls made up of a substance called cellulose. The 
original thin membrane of a very young cell, however, contains 
but little of cellulose and is rich in pectost ; but during the 
growth of a cell it is chiefly cellulose which is added to the 
cell-membrane. Cellulose is a substance allied to stai'ch and 
sugar and is represented by the formuU (CgHioOs)!)’, 

it forms the bulk of the cell-wall substance in all living cells. 

In other cells the cell-wall often receives certain 'foreign 
matters in addition to the cellulose, or the cellulose itself is 
transformed. The most important of these substance are (a) 
hgnin, (b)cutin, and (c) suherin. It is the secondary thicken¬ 
ing layer which is more affected by these substances than the 
primary or the tertiary layers. In the spiral mid other vessels 
mentioned above the thickening layers are ir^regnated with 
ligriin ; likewise in all bard dead cells which form the wood of 
plants. Such colls are termed lignified cells. Suberised cells, or 


those having their cell-walls charged with suberin, are found 
in the baik or skin of plants. Suberisation also occurs on the 
walls of pollen-grains. Cutinised cells, or those having 
their ocll-walls impregnated with outin, occur in the skin of 
most leaves. 


A cell with a cellulose wall is pervious to water : the 

swells with water and is collapsible. Lij^nifi- 
cation makes J,he cell-wall hard A lignified cell-wall doeli 
not swell with water but allows the passage of water through 
its substance. Lignifiail cells are always dej^ cellj; they 
merely servo to give rigidity to the plant, or act as pipes for 
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transpoiting water. Suberieatioa or oatinUc^ioii makes 
the oell-wall tplially imperrioas to water. It takes plaoe 
in those cells vrhich are destinid to act as protective skins. 


la a ftsw cases the cell-wall ie impregaated with sand or silica or 
other iaorganic mineral matter. It then bf^conaes very hard and brittle. 
Such Bliicihcd oel^walla occur in the skins of‘'many bamboo and 
grass leaves. 

The oeLl-walis of Fungi are not of cellalose but consist of a Bub- 
Btancr, termed chitiO} which is alli*xl to suberin and shares some of 
its important characters. 

In certain cells the cellalose is converted ioto a 8uBi<»noe 


of a gummy nature, termed guminow, which swells aud 
ultimately dissolves in water, —e.g, the testa of the seeds 
of Flax and Linseed. The colI-wall when dry is hard and 


horny, but absorbs water strongly to form a mucilage ; hence 
such cell-walls are said to be m'ucilaginous. 


Forms oE cells.—Reproductive cells, as well as all iso- 
lated masses of protoplasm, are commonly spherical, oval, 
or more or less iaodiamotrical— e.g.t pollen-grains, spores 
of Kerns, the swimming naked spores of Algae and Fungi. 


2 . Young colls of growing points are usually like square 
or rectangular^ boxes; sometimes they are cylindrical, 
polygonal, or of simiiar form. 

In some aquatics there are soft thiirwalied star¬ 
shaped of xtellale cells. They have cellulose walls and may 
contain either protoplasm or mucilaginous waste matters. 

\^. L'olUnchymatous cells form the collenohyma tissue 
which often occur just below the outer skin of soft herba- 
ooouB or rapidly growing stems of plants. They are living 
nutritive cells and contain protoplasmic matter, but have 
greatly thickened walls of cellulose, and are hence capable of - 
considerable stretching. 

V>' 6. In the hard shells and stones of fruits and see^ 
there commonly occur many cells of peculiar shapes, sWe 
like a star, some like a dumb-bell, and ro forth, which serve 
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raaohantoal fttaottons. They are termed aclero^ odis or 
•clenHde. They hare very Btrong. thick, It^ified and hard 
wallt. They da not contain any liring ma^r and are hence 
dead cells. 



Fig. 276. Typical proBcnchymatous cells. A, a solereTtohyma 
fibre, n. a tracneid with bordered pits, o, a vasiforai tracheid 
with spiral thiokenings, D, a latex cell. a, a scsaiariform tradieid 
with ladder-like thickenings. 

6. Sc Urm^ matms eetis are very long, narrow, poi nted , 
fihre-ljk ft cei k (fig. Wfi-a) w^^veij^Jihiijk wiifeKkA 
. oi^o lignifled and hence bai'd» and have no living conteate. 

_ •Mr-.. ^ ..-i.nw/w*****”*'’* w. Ill—iM*'' 

They are deM oeUe .Aod eoBi^itate the etreogtheningjIaMttef 
eidled m sctirrsnc^^ t4|8ne, of nlai^ The fibree of Jilte 
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and .fit#ni» awl <ii« eliolr imt of aro 

niade> ^ wderendiyma. Th'iur ends «are dr^srn out into 
long narrow fN^tst .ao &at in ^e ^silie wb^b Joroi 

tfaey are -^raily ..interlocked as eliown in. ftg< 696. Hence 

’ ' 1* '' 

the long strings of fibres which we often get inna plants 

«a 

rich In solercindl^ynia are so strong that titey can be twbted 
into cordage of ropw. 

7. TracMit are elongated thick-wall^ and H^ified 
celU oomparfttively htomw tK|m the laiit* Ti^ we 
oeiUrraiitai^FBving matter, bat are of great importuac^ 
to the plant for they eondudb water. Consequently they 
are often more or less lali of water, wpms^ in the yoang 
wdodjn^rts dfof which ^ey ^rm Tin^poi^t oone- 
tituepts. ~ They s^iT especwsBy hy the presence 

of bordered-pits and otiier forms of thiokeniug, snob aa 
a nnvlar, tniral. and rtHouM*, on ^ie walls ^g. S7 6B). 

Mj^' Tbe difference between traefaeida and ecle rm ichynia fibres 
is this: traoheida are water carrierB, wdeteiichynM fibres 

^ ,ij— -r^-ny —-■ »■ , a<. (.VI..', .'v, 

are only lengthening celk. The ifirnmit or cavity of a 


8^rah<^~yma 15[bra~lirexiromely narrow, that ofa traoheid' 
is much wider. Tracheids contain wat4W> sclerenehyma fibres 
can rarely ~Dave anything as oell-odotents except air. The 
solerenobyina fibres are more or lees solid and the thickening 
in tEeTr grea% thickened wall is almost uniform and 
uninterrupted, while in tracheids the wall is never uniformly 
th ickened but oontoins" ^meipus^^la^^ whiph ..mfy 
be simple, elongai^, or bordered, or special riiickemng 
layers. Sometimes vity narrow diagtmai pits are formed 
onlEo waUa of the Bolerdnehyma, whihs in some very 

V ' > 

hnig and wide tradreids, teriwri Vaiulii^ tnadimila 
(fig. 27fiC), amnular, spitaL refjeulahe, W wlHaHfona 
i^i^kening layem me formed (see' pi. 
to these, nagrow sm 

fimaioide. the vai^orm tramde me the fsai waher 
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carriers; the Bbroaa traoheids are so narrow th^ the|jr 
can not carry water, so they are very much like the 
sclerenohyma fibres and ser^e merely to stren^hen or harden 
the wider traoheids. They, however, differ from the 
sclerenohyma fibres in certain respects ; they we not so long 
as the fibres, and have blunt and not pointed or drawn 
out ends. 



Fig. 277. Part of transverse section of a Potato tuber. 

A, Dead suberised cork cells formii^ the outer brown skin. 

B. Inner parenchymatous cells containing Starch grains. 


8 . Lates cells or milh.TCells are soft, thin-walled, greatly 
elongated cells which contain a milky or watery sap, called 
latex. They are oommopiy much-branched (fig. 276 D), 
the thin branches ramifying in many directions within the 
^ lan t. They contain a thin layer. of protoplasm linin|^ 
their cellulose wall and an emulsion of various oily/ gummy, 
or roMuo^s matter forming the peculiar 'milk' or They 

occuf in plants wmoh ^iKSude a niilky jui(» when cat 

P.p.g, agyri^Fig. ... 

«f*® rectangular or brick-shuped dead 
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oellfi (fig. 277 A)i wfiiob do oonttfin anything savO air. 
Tboir walls are strongly suberised and hence they are totally 
impervious to water. They occnr on the surface of grown 
up parts oi^antsi sacli as old $pem, root, fruiti etc., as a 
yfillow or brown skin. Being itnpervious to water the skin 
forms a very safe protective layer which prevents the kmer 
parts from losing water and drying up, or coming in contact 
with moisture and rotting* Andi fartber» as the cells 
contain only air, they form alsO a good non-eonduetiilg 
lajer protecting the plant from tod great heat and cold. 


.x> ri •* «i 


10. Wood cells are box-shaped, thick*walled, dead, 
lignified cells which occur along with the traoheids in the 
wood of plants. They usually contain starch and help 
the tracheids in the oonductiop of water. 

The various forms of cells given above are merely special 
forms of two main classes. These are :— 


1 . Parenchymatous cells which are thin*walled soft 
cells forming the tissues of plants. They are of various 
forms and may be living or dead, nutritive, protective, 
or secretory, and usually contain various cell-contents. 

T * 

Ordinarily, the portion of a plant which can be easily crushed ' 
out, say, with .the pressure of the fingers, is ivarenchyma; 
such as the soft portion of the stem, root, leaf, flowers, fruits 
etc. * They are distinguished from 

2 . Prosenchymatoua cells which arc elongated cells 
forming the bulk of the fibrous or woody tissues of plants. 
They may be thick-walled or tbin-walled, may be lignified 
or not, and may or may not contain any living matter 
(figs. 27^—276). 

Cells exhibit the greatest diversity in form add hence it 
jus not possible to classify them strictly from this stand-point. 
The several forms given above are not quite.well.defined, some 
coming under the description of parenchyma, some under 
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IffoifUMbipiA,f^eed lAe terint gif^o Altove are 

oial to tusaee, for>. aa a atimW oellk an. acgrt' 


IpMied to larm a tieeae. 13ie oelU ol ooUamATiB** ’^ood, and 
pork are {uodamentally paxenekjfnatoitt i Hkaarise lAe atoliate 
o«1{b. Stmilariy traeheide. ii^x oidli, aod lAepe ol wderair 
are typically proseocKyaatatone- Bee dl»pter XVI. 


> Colour reactioiia of tke c^-wall 

a # / • 

X A 

4 

Teita for the ceU~walL—Cellulose is eommouly reoognir 
ed by the test that it gives a blue colour when treated with 
Sulphuric acid followed by Iodine solution. To observe this, 
take cotton fibres or thin sections of the Date seed. Betel* 
nut, or of the endosperm of the seed of Cucumber, Gourd, 
Melon, Cui^rd-apple, etc., with a ranr. Put a few drops 
of Sulphuric acid slightly diluted with water on several 
sections, and after a minute or so, mount them in Iodine 
solution on a glass slide and cover the preparatiou with 
a oover-glass. Under the microscope, and oven with the 

r 

naked eye, the 'wctionsiook a beautiful blue. Seen carefully, 
the cell-walls, when thick (as in Date-seed, Betel-mit, 
Custard-apple seed), show up the stratified blue layers 
alternating with whiter ones. The Sulphuric acid causes the 
cellulfwe Walls to 8;well, and if sections are left long in the 
acid, they gradually dissolve. The blue layers which alter¬ 
nate with the whiter ones are Ihose that are rich'in cdlulcse 
matter ; when greatty swoll^ however* the cell-wall becomes 
uniformly blue and the stratified eppoavance u lort. Treated 
with Iodine solution alone, the (riratifioation cannot be seen, 
for the laj^ers which are pressed into a solid mass do not 
swell; the cell-wiall is faintly yellow, if aiidl. 

The blue colour with Iodine is ^e ehacaoteristie test of 
jSltarchi ‘What happens when cellulose is treated with 
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SiUpIprie itoiiS k tket 4»lt«' «^U«I(^ % ^ » 

wbiUnBe r^rtad to atorelu wad ^k inc|iiiiQfl tiie Wae tidbnr 
wkh lodioe. !f the eeetiom be kept for e )o»jer kme in ilk 
«o«} the eetttfkMe'k finidiy otomkrtod totb kagnir* wbidi cive« 
no ootour with kadine. Beoee in j^iddnaing' tite Uik wr 
perbient eere ^ould b# token to see ibe eeio^m ftre 
not leit too long in ^Ipbntio lU^ or tlwt k m£ 

too atoo«8. * 


Another tost ^k that with Cbj^rpnne'ijixtl^ (s^ie eppOn* 
diz). CeQttlose takes a violet or blukb cblonn To. obiper^ 
tfaki seotibas are aikiply mounted in tite reagent aisi ezaadj^ 
under the Microsoope. 


A third k that it gradndly dksolves tu a strong Ammo* 
niacal solution of Gopper hydimcide (see appendix). To see 
this* take a few cotton fibres in a watch ^ass and pour 
enough of the reagent to cover, it; observe fnmi time to 
time that the fibres break up one by One and finally 
dia-ippear. 

The tort for a Hgnibed wall is that with (a) Iodine or (i) 
Aniline sulphate solution, it takes n golden yellow colour, and 
with (c) Chloro-zinc-ibdinct it becomes deep yellow or even * 
brown. In Sulphuric acid the wall swells and then gradually 
dissolves. With an acid solution of Pblorojdnoinjt becomes 
deep red. To observe these reactions sections msy be taken 
fi^ a match rtiek. the cells of which are all lignified, or 
from the woody portion of any plant. 


The teat for a auherked or cutinked sirall is that with 

*' * 

(a) Iodine, (i) Ghloro*8ino'iodine, or (c) Potash solution, 
it takss 9 deep yellow colour; (d) in Sulphuric acid it k 
nof dtstofssd. Gutioked or suherked wsdk tesiak the acthjn 
of acids very strongly* *0 that whik strong Sulphuric acid 
will readily dissolve cellulose arid even lignified walk, it 
<riU pot afikot a auherked or Outioked membruca. For 
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tb6ae reaei^onB '«eotioii8 from the oommoii botde-eork or the 
bark of a tree may be taken. 

For oompartson, thin oross-seotione of a hardetom, such as 
that of the Guava tree, may be mounted in: (a) Iodine solu-^ 
tion, when only the outer cells (suberised) of the skin, and 
the inner lignified cells are turn^ yellow ; (b) Chloro-iinc 
iodine, when Uie suberised walls are brown, lignified cells 
are yellow, while those with cellulose walls become violet or 
pink ; ic) Aniline chloride solution, when only the lignified 
cells are yellow ; and (d) acid Pbloroglucio solution, when 
only the lignified cells are red. 

. Mucilaginous oell'walls are easily known from tbeir 
swelling greatly and forming a mucilage with water; they 
do not give any reaction with the above reagents. 


SUMMARY. 


The cell-wall is a secretion of the proluplasm. At first it is extre¬ 
mely thin. Oradoally it grovrs and dcTclops as it continuously receives 
matter to be added to its substance from the protoplasm. As it is 
greatly extensible, this matter is net only applied to its surface by ''t^e 
protoplasm but fine particles are also inserted into the cell-wall by the 
great pressure of the vaouolc. Thus a young cell-wall grows both by 
apposition (as the former method is called) and by inmssuscsption 
(the latter method). A grown up Cell, however, is often thicltencd by 
the superposition of layer after layer of cell-wall substanoo upon it; 
this is growth by superposition. Hence a thickened cell shows stra0kation 
in its wall. • 

During the thickening of the cell-wall small spots remain unthickened 
and these form in the tbiokened cell fine pores called pits. Cells with 
nutnerooa pHi on Its surface are cslleH pitted cells. Pits are of vaHoite 
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4 

forma, bat the moat important are (1) ^ lorated in the 

wall ^ eettaia tnbea called Siere^tabe*, and (S) ^rAnd-pt^ 
in certain water*eondaottng oella called trachelda. In tbl^-walM 
cella pita are^ important for tfaey are the openii^sa tfarongb wfaioh the 
protoplaam receiver food from the oataide and alas thnmgfa which it 
may eaoape when neeeaaary, 

ll' 

The BabaUactf of the oelI*wa21 is mainly ctf/hflesta This i| a 
Bobstanoe which b allied lo, and can he easily converted intOj wtarel^ 
In a yoang cell, the wall is at first poor in oellnlose bat as the cell-wall 
grows more and more oellaleie matter is added to it^ Oertaln odts» 
however^ have o^rtam other matters in thek oell-walls saeti as 
lignin, snberin, cutin etc, and each cells are called respeelively 
Ifgnffhdi sub^risid, cutinissd, and so on. Cells with cell-walls 
different composition behave differently. Thus cellalose walls abdmb 
and swell in water, cutinised walls are impervious to water, and ligai-‘ 
lied walls transmit water but do not swell. Cellulose walls arc soft 
and pliable, cutinised walls are tough and resistent, while ligni&ed 
waUs are hard and brittle. Satirised and ligniffed cells are asa rule 
dead cells; living ceJis have as a rule cellalose walls. 

Cells are of various forms. Those that are formed singly, such as 
spores and pollen-grains, are spherical. Very young cells, ii^ those 
that form the growing tips of roots, bods and branches, are cnbical 
or cylindrical. In the mature parts of plants the cells grow up into 
many special forms. The main types are two: (1) elongated or 
Frosgncfymatous cells and (2) iso-diametrioal orcells. 


QUESTIONS 

* 

1. What is the ceU-aall ? How is it formed and how dees it grow ? 

2 . Explain how stri^ification arises in the cell-wall. Is it fouml in 
all cells ? 

3 What are pits and how do they arise 1 

4. Describe the various forms of Pits formed in cells. 

% 

a. What are boidered pits. Explain with the help of diagrams how 
they |;row, Of what special signido^noe are they to the plant f 
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9. 1>e«iiir%e with disgruM the 

^ Tnditfd, SieTe*tnbe8, Lttex oetl^ 8oiIeiea«h|nft, SoteKdi^ itev«« 
phktcit flplml traBKl, Stellate oells and aork oelii. 

7, foplaln tb« (Knoposltion of the <^l<watl. ' . 

$, BMingaith between : (a) Lignil^^, (bj^ Gotteiied, (a) SabaTit* 
.ed, ibod (d) Hficilagii^afl cella. » ^ 


». would you practically Identify the abore under toe 

MierowHS^ie f . 

10. Distinguiah between PaTenchymatouB and Proeench^atoue Oelle, 
and name as many of their apedlal forms as you can. 



CHAPTER XV. 

THE CX)NTENTS OF CELLS. 

Thd protoplasm boilds up tbe cells to forjm the fmme* 
work o{ the idaot. Old dead cells oontaifi only air or water, 
but some cells store food matters prepared by thei|>rotoplMiSA 
or act as reservoirs of waste matters. Grown up odl| of plaa^ 
contain but Httle protoplasm but act as storehouses, while 
protoplasm is rich in those cells in which the oonatruetStu 
activity of assimilation or growth is greatest. The cells of 
underground stems and roots, as well as those of fruits and 

a 

seeds, contain various kinds of reserve food-matter chief 
amongst which are: (l) carbohydrates, (3) albumens, and 
( 3) fats and oils. 

Carbohydraftes. 

These are compounds of Carbon, Hydrogen and Oxygen, 
in which the hydrogen and oxygen are present in the same 
proportion as in water. When heated this water is soon 
driven out and the carbon alone is left behind as a black 
mass. The carbohydrates are—(1) the various kinds of 
sugars which are air soluble, (2) starch which is insoluble 
in cold water but dissolves in boiling water, and (3) cellulose, 
the substance which makes up the cell-wall of plants, tot^ly 
insoluble in water. 

Starch is the molM; important and common oarbol^rate 
which is found as a reserve food matter' in plants. Seeds 
often abound in starch which is required for tii^'iiing the 
young emb^o when they germinate. Underground stema 
and roots contain a large store of itaroh. Tubers, 
ll^y rhixomes, conns, aa wi^ a« afl the cereal grains 
IS 
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rtoe, wheat, maize, oats), and most pulses form the stafAe 
food of mankind because they contain the easily dis^stiUe 
oas^ohydrace starch. 

Starch occurs in plants in the form of granules of various 
size which are first prepared by the chloroplasts in green 
leaves and stems. At this time the granules are very 
minute being enclosed by the small chloroplasts, but after a 
time they disserve and are converted into sugar. The sugar 
dis^ves in the cell-sap and the solution is then transported 
to the interior of the stem, to the underground parts, or to 
the seed and there it is reconverted into larger granules of 
starch by the Isuooplasts. The leucoplasts are hence called 
starch-builders. 

^’ig. 27». Fig. 279. Fig. 280. 



Pig. 278. A single starch-grain of Potato showing the Mum St 
the top 08 a small circle and the eccentric stratified layers (magnified 
X 780). Fig. 279, Section of Potato showing cells with starch eralns. 

( X 260). * 

Fig. 280. Section of Rice grain showing cells containing the com- 
ponnd grains of starch ( x r40.) 

Structure.— A starch-grain has usually a tWatifigd 
struoture ■(%. 27 8); as in the ease of the oell-wall, thicker 
denser layers regularly alternate witt» thinner less deiwe 





STAUCH 19i 

oAttM. Aoecrditigly* when seen HAdW mieroeoope with a 
hi^ loDs, each grain exhf&^ alternatiDg bluish and 

redd^h isodm or bdts. The organie centre round which these 
hiyei's are formed is termed the hHvm : it is rich in water and 
appears of a reddish tint, and may be found either about 
the middle or at one end of the grain. Sometimes, as in 
Potato (fig. 278), the grains are gcemtrie, t.e., the layers do not 
possess a common geometrical centre, the hfinm being at one 
end; in Wheat (fig. 282), Pea, Bean, and many pols«i (fig. 2S1) 
the grains are eoneenirie. They commonly occur as sepa^te 
grains some of which are very large, as in Potato, Arrowroot 
and Ganna. In other oases they do not form such dmpie 
grains but are compounded. Vompound grains are merely 
aggregate of several grains firmly cohering to form a single 

Fig. 281. , Fig. 282. 



Fig. 281. Cells from the cotyledon of Pea showing the large con¬ 
centric grains of starch and the innumerable small granules of alcuione. 

Fig. 282. Part of a section of Wheat grain ; p, the pericarp com¬ 
posed of cork-cells ; t, the thin testa of the seed fused with the pericarp. 
The first layer of the endosperm tissue (n,al) contains minute 
amorphous aicnrone-graine (al); these grains do not enoloee globoids 
or orystalloids. The rest of the endosperm tissue .>ower down is fall of 
starch-grains {am); n, the nucleus of the cell. (Both highly magnified). 
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body* The Bfo# etarob abo^n in fig. 966 » ocMH^od* Sleb- 
wise (Aot o! Oats* eaob with some 100 $00 minnsbe gililflM. 
Stif-vompowftd grains arise by ^e onion of bsro of’tiibre gmba 
wfiiob then become enveloped by a feW' eeMamoa layeit 
(fig. S84). Both compound and balf-compoond gnons ewe be 
observed in the cells of Poti^ along wHb the laigefr and 
more common simple grains. 

In diemicsl oomposilion starch has very moeh 4he sunc percentage 
composition as oeilnloee; it is represented by the formula (G^ 0^^ 

where the valae of (n) Is indeterminate. The test for starch is 
it tabes » bright blue cdloar with. Iodine solntlon, a coloar wbieh dis¬ 
appears at high temperature but again appears on cooling. In boiling 
water starch swells up and forms a paste which is then dissolved in 
excess of water to form a mucilage. When roasted, or on prolonged 
boiling, it becomes converted Into dextrine, a kind of shgar ; benoe the 
easy digestibility of roasted potatoes and other farinaceous vegetables. 

Sugars are soluble carbohydrates. They occur in ^lu- 

tion in the cell-sap. Starch and other insoluble carbohydnitest 

■when traneported from one part of the plant lo another, iKegj 

alwi^ first converted into sugar. The cOM-sugar of fiba 

Sugar-cane and the Beet is a reserve carbohydrate like t^mh. 

Most fruits abound in. what is known as the fruii-sbgar, 

while grapg-sugar, the sugar which we find iii Grape .iuioe, is 

the principal form in which carbohydrates travel in plants 

* 

generally. Grape sugar is the siiripleBt of the carbohydrates. 
It is first formed in the green cells ef plants but becomes 
soon converted into starch. 

InuKn is a kind of reaeivc sugar dissolved in the celi-sap of 
root-tubers of Dahlia, some Snnfloi^crg, and other plants of the 
family, ft is precipitated jn the form of fine radiating crystals (fig. SSfi) 
when a section of the tuber is placed m alcohol or glycerine. 

The carbohydrate ceUolese is also sometimes stored as reserve 
food matter in place of starch. The Date seed, for instance, hoA 
very much ibickeiied cell-walls which gradually dissolve on germix^*^ 
tion and nourish the young seedling. Similarly, the seed of the Betel* 
nnt and other Palms, of Cnstard^apple and plants belonging to Its 




ftMily, Iwve reserve eellolose is Uie fttna, «f ttiiislt eelUwilJe, The 
•cede ^ Tuaerind eleo here thicket^ eeU’Wft)#, smA of oelinloee b«t 
of emfliOM*- The Istler ttains Uoe with lodiike like itofeli, whoeM 
oeilelooe states teint yellow. loaiis and Other whtble oarbobydmtes are 
not stateed with Iodine. ^ 


AHaumeite or Protdida 


The aibumens are nitrogenous organio sttbetanoes of 
lery oomplex composition containing Garboni. Hydrogeui 
Oxygen and Nitrogen, and also sometimes Sul^disr and 
Pbospborous. They are also known as tbe proteids. In ydnog 
cells where assimilation or growth is active tbe protein are 
present in solution in the cell-sap, butin seeds and <^ber 
reservoirs of food-matters tbe albumen condenses into fine 
granules teimed aleurone grains (figs. 281, ,282). In some 
cases, especially in oily seeds, some of tbe aleurone grains are 
very large and enclose angular plate-like or oiystaHike bodies 
termed cryatsdloids. Sometimes also inorganic salts in the 
fortp of transparent beads are enclosed in a crystalloid or in 
an alcuronc'grain; those are called globoids—obemioally .v' 

double phosphateg of calcium and magnesium. 

Ak'ttioiic*grainB present in aJoiost ail seedSi but they are parti* 
Cttlariy rich in oily seeds and sparge in those that contain staicb. 
In Pea (Fig. 281) they may be seen as very email roundish grains 
lying in the same cells that contain starch. In llVheat (hg, 2^2) 
the first layer -of oells that He below the testa is full of small 
alcurone-gmins, while the rest of the endosperm tissue is stufEed with 
starob-grains only. 

Proteids are of various forms; sozde soluble in water, but the 
majority insoluble ; somey however, are soluble in salt solution. They 
all give a deep yellow colour with Iodine solution. To see this take sec¬ 
tions from Pea-seed and mount in Iodine solution and obiiljgrve undei^ 
the Microscope. The large starch grains stain blue, the smaller aleurone 
giains stain yellow (hg. 281). Treat other sections with dilate salt 
solution for some 16 minutes. Then wash in and mount in 

Iodine solution. The ccll-oonients aie only blue and the yellow grains 
are not there. This is because the aleurone grains ate all dissolved out by 
the salt solutioa leaving alone the starch grebes whkb turn bloc 
wHb Iodine. 
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Crystetloidi are found chiefly in the eelhs of oily seecis where 
they arc invariably enclosed by the alenrone grains. To observe 
them take thin sections from the seeds of Castor-oil, Linseed, ox some 
other oily seed. Mount, in water and observe nnder the Microscope. 
The granular sobstance of the cells is partly dissolved and the 
crystalloids become all the more prominent. For, all crystalloids, 
unlike the aleurone-grains, are insoluble in water ; generally they are 
colourless, except in petals and other floral parts where they may act 
as vehicles of colouring matter. Like ail proteids they are stained 
deep yellow with Iodine. 

Fats and Oils. 

These are substanoes composed of carbon, hydrogen 
and oxygen but do not contain nitrogen like the proteids. 
They differ from carbohydrates in having the hydrogen and 
oxygen united not in the same proportion as in water. 
Usually they are poorer in oxygen than carbohydrates. They 
are insoluble in water or alcohol (except castor-oil) hut 
soluble in either. In oily seeds (Poppy, Castor-oil, Mustard, 
Cotton, Cocoanut, etc.) where they are most abundant, they 
Fig„283. Fig. 284. Fig. 285. Fig. 286. 



Fig. 283. A compound ; fig. 284, a half-compound starch-giain. 

Fig. ,685. Inulin In cells of Dahlia-tuber precipitated as fine 
needlw by Glycerine. 

Fig. 286. A single coll from the endospeim of tho Castor-oil seed 
showing the matrix of proteids with a few big aleurone-grains enclosing 
crystalloids with spherical globoids (highly magnified). 

rei;Jaoe the carbohydrates but become converted into sij)ipler 
and easily assimilable compounds when germination takes 
plahe» aud hence must be regaided as reserve food matters. 


C&YBTJUA 


Of all the YOgetable oils found in t>laati8> tbs fatty oils 
most bo distioguished frota tho etharaal oils. Fatty oils ara 
uou'Yolatilo and reserve food mailers; they are found in 
seeds and may be obtained by pressure, «. g, -T-Castoroil, 
Poppy-oil, Coooaaut-oil, Mustard-oil, ete. 

Etbeieal oils, which give the pecaliar fragrance many flowara, froltg, 
sod leaves have, are not reserve food. They are aU very volatile 
and may be easily driven out of the oells by heat. Xixix fniustion is not 
very well understood but perhaps they act principally forallnring 
insects, etc., for pollination and fruit-dispersion, for protecting plants 
from herbivorous animals or insect pests or disease germs, and so on, 
Oils of Turpentine, Euc.ilyptas, Orange, Lavender, etc., are example. 

Inorganic Crystals. 

Besides the reserve food^atters described above variotts 
other matters are found in the cells of plants. These eell- 
oonteuts are regarded as waste matters and include poisons, 
crystals, acids, pigments, mucilage and so on. They are 
formed in special oells which act in all respects as depositories 
of waste matter. Of these the crystals of Calcium salts 
occur rather widely in plants. Ohemioally they are either 
oxalate or carbonate of calcium. 

Biljphides are needlo-like oryatalB of calcium oxalaS^ 
which OGOVit aggregated in bundles as shown in fig. 287* They 

Fig 287, Fig. 288. Fig. 289. 




Fig. 287. A cell from the Water-hyaointh oontaming raphides 
imbe<Me(i in mooiiage. Fig. 288. Sab-epidemal cells of 01 containing 
spberioal oinstered oryitals of oaloiam oxalate. Fig. 289. A cell femKi 
Onion containing oa&eal cryatals of calcinm oxalate, 
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r«maiD imbddded in fche muoii»ginocM ooateats etf. OMttiin oaOa 
and oooor to many btdbs and uodorgroond atraui, apeeiaUy 
of small herbaoeous MonoooU. Ootabadnil or ottliMal 
crystals of o^oiam oxalate are also met with in old cells of 
many {^nts g., Ooion, Begooias* ete. So«lse‘ 

times small crystals are so olnstered that they appear to 
radiate from a common centrei os shown in fig, 288> Tliese 
starshaped crystals of calcium oxalate are called sphmrraphiits. 


Ijess common are crystals of calcium carbonate which 
exist in extremely minute granules in the cells of certain 
plants. Unlike oxalate orystalst they are found more commonly 
as incrustations of the cell-wall. In many plants of the 
Banyan family, there are peculiar peg-’shaped structure* in 
soma large cells below the skin of the leaf. These are swollen 
masses of the oell'well projecting inside the cavity of the 
cell, on which infinitely minute particles of cdcium carbon ate 
are deposited. Such a concretion is termed a cystolith. 

To observe Raphides take thm sections from the inner sofr paren^ 
cbyma of the eorm of 01 or Eaoboo, and moant them in water; or even 

the joioe squeezed oat by lacerating the tissae may be taken. Under the 

^ , 

Uioi^eoope myriads of iiac neediiis will be fouod floating iti tlje winter. 
Some cells are espcoteliy rich io them With water the ia 

mioh the needles are imbedded swells and so the crystals are Iftoated 
from their bandleB. To observe the bundles andisturbed, seotfons from 
the leaf or stem of Water-hyacinth, Pistiai or Water*chestaat may be 
taken. The laphides will be foand locate only in a few ^indie or 
torpedo-shaped cell« which jut out in the large air spaces. 

Sections taken from the thick onter skin of 01 or Sacboo reveal 
nnder the Miorosoope some of the moat beaatifal crystals. The oryeWs 
present a clastered appearance, somewhat Itttle glotas of ent-gIsM 
(flg IfSS). Cnbioai crystals of calcium oxidate may he seen In sections 
from the scales of Onion (flg, 289). 

To observe cystolklii take the leal the Indian Banyan, fold it 
several times ob as to form a thick eoshioa md cat stotions transverse* 
Mount in water or dilute Iodine solutiim and observe under Urn 
wpG. just below the outer skin oE the Ifnil WiU be found Jos^ 
oOils wldob contain dark spherical . lUames. iCfcatad witl^ a dilate 
solution ^ hydroobioric ^Id the masses clear up, evoMng iiMiaU tmbhlst 
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of gas (o^bSB tjioxide), god than a peg*sha|is(i struc^nfe is soen pro^ 
ieoting into tfas oarity of the oelL On the tnrfaoe of this adaitte 
oiystals of oaloinm carbonate are deposited, Hjdroohiorio acid dis- 
tingaishes crystals of^calciom carbonate from those of the oxalate. 
The latter dissolre ia the acid sritboat eTolntion of gas, Another test 
is to tfMt seotiona srlth aoetio acid ; crystals of oateium carbonate will 
dissolve with evoiatlon of gas bubbles, whereas the oxalate crystals 
(rapbides and other forms) are not dissolved. 

The cell-sap holds various things in eolation cd which tbs sagam 
and certain organic acids are common. In coloured parts of plants 
the oell-sap contains a substance, called unfAs^oiUh* which under 
certain conditions becomes blue, viotet, I'ed, etc, and to this is dae the 
variouR ciloors of flowers, fruits, and foliage. 


SUMMARY, 

The Contents oi colls, —Young ceils contain an active protoplasm, 
old grown up cells contain but little of protoplasm and a varying 
quantity of other matters manufactured by the protoplasm. The soft 
parenchyma of seeds, fruits, and swollen underground stems and roots 
eontains a large quantity of reserve food-matters, chiefly starch and 
proteids, sometimes oils instead of starch, which are required the 
future grnwtb of new shoots etc. The cells of the bark or of the wood 
of a plant are mostly dead and contain only air or water. Certain^ 
other cells of a plant, however, store waste matters such as gums, resins, 
latex, lahereal oils,, crystals, etc. The. various kinds of cell-oontenta 
may be classified as follows 

A. Rb-^bryb food MATTBB8, Stored in seeds, stems, roots, etc.— 

1. Carbahydf^^ts, or non-nitrogenous food matters 

(a) Soluble, present in eell-sap—the Sugars^ of which the 

most common is grafie-sugar ; cane-sugar is found in the 
sugar-cane plant and the Beet; fruit- sugar in many 
fruits. biuUn is present in some plants of Sunflower 
^ family. 

(b) Insoluble, of which the most ooiamon and wide-spread 

is af a rrt i in n f«w seeds cfffiilcja is prm»ent. 

.or nitrogenous food matters. These often occur as 
SHflipll giauuies called alsunws irdiHa CryMdUeUs are crysullised 
proteids oocuring m some large aleoroue giaiiu. 
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8. F(^ Oils are foaud ia the oella of soiae ieeds (Sloatard Poppy» 
Oocoaniit) jasteaii of starch. 

B, Wabtk HA.TC£Bay which are formed in certain cells of a plant, 
or in certain chambers or passages; rarely in seeds.— 

1. Ctystcds which are generally of caiciam oxalate, leas oommonly 
of oalciam carbonate. Baphides are long needle-shaped crystals of 
oalciam oxalate. 

2. Gumsy in such plants^ Babla, Bajina, Ladies* Unger. 

3. RiMSinSt as in Hines, Sal, Qarjan, etc. 

4. LetMX, as in Poppy, Akanda, Figs, etc. 

r>, Bth€r^ 0 al otts, as in Lemon, Podina, Lavender, etc. 

t 

QUESTIONS. 

2. What is starch ? Where do you find it ? Describe its formation 
and structure. 

8. Distinguish between the coutents of a green cell of a leaf and ot 
the cell of a seed. 

3. Describe the contents of a cell of the seetls of Pea, Wheat, 
Oastor oil, Cacumber, and of Potato tuber. 

4. Qive an account of oarbohydartes found in plants, 

6. How would you distinguish stai-ch grains from proteid grains 1 
What are crystalloids f 

6. Qive an account of the important mineral deposits found in 
plants, 

7. Give an account of the fats and oil found in plants. 

8. Describe how you wouhl proceed to demonstrate (a) Starch 
(^) Baphides, (c) Cystolith, and {d) Crystalloids under the Microscope. 



CHAPT^ XVI. 


THE TISSUES. 

W \ 

A tissue is a group of cella- which togethiir carry on a 
particular function of the plant. The body of tbs plant is 
tnsde up of several tissues, each as a continuous aggregation 
of cells in intimate union. Tissues are the internal organs of a 
plant. Thus, there is a tissue for conducting water, ^the 
constituent colls being water-conducting tracheids ; a tissue 
for giving mechanical strength, the constituent cells being 
sclerenchyroa fibres; a tissue for preparing food-matters 
(sug'ir, starch, etc.) the cells of which contain protoplasm 
with cbloroplasts, and so on. A plant consists of myriads 
of cells, but all the cells are not doing the same kind of 
work, some are set apart for protecting the plant, some for 
absorbing food matter, some for assimilating them, some 
for conducting, some for storing, and so on. Cells which do 
different work are also structurally different; ^us conduct¬ 
ing cells are elongated, nutritive or assimilating cells are 
living and have protoplasm, protective cells like those of 
cork are dead, and so forth. But cells which carry on the 
same function are quite alike in structure, and grow and 
develop in the same manner. A union of such cells which 
are similar in structure, growth, and function forms a 
tissue. 

The soft green tissue of a leaf or young stem is a paren¬ 
chyma containing chloroplasts in its cells ; it is hence called 
ehlorenehyma. It prepares sugar, starch, and other food 
matters. The veins of leaves and their continuation in the 
stem constitute a prosenehyma tissue. They are made up of 
elongated ti'acheids and vessels which conduct water, sugar. 
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and food-matters. The soft tissue of fruitsy tubers, 
bulbs, rhisomes, conns, and "^eshjr roots, is a parmehsma 
wbioh functions as a storage tissuej the constitumit cells 
store steroh or other food. The bark of a is a dead 
tissue composed of oork-oells ; it is a proteotire tissue. Bo 
too the thinner skins of fruits, of underground and aerial 
stems, roots, etc. 

All these tissues are grown up or mt^re tianies, ».#. 
their cells do not multiply or produce new cdls. As 
opposed to these mature or permaneiU tieeueii, as th^ are 
called, there are other tissues which simply diride their 
cells. They only produce groups of cells which later give 
lise to tiie mature tUsues. Such dividing tissues are oalled 
formativi or meriatematic tissues. For instance, the o<dl8 of 
an embryo are all rapidly-dividing. They have very thin 
walls and a dense protoplasm which continuously divides, 
throws up partition walls, and thus new cells are ^ formed. 
Later on, when the embryo has developed into a seedling, 
the tips of the root and the shoot are made up of cells 
which have only one task to perform, namely to divide. 
The growing tips of a plant, as well as all new formations, 
such as the buds in the leaf-axils a:id the rudiments 

V 

of branoh-roots, are all in an embryonic state; they are 
eQtbiyonic tissues or meristems. A meristem manufactures 
the cells which gradually grow up to form the mature tiuues 
of a plant. 

CeU-diviaion,—The process by which the cell of an em¬ 
bryonic tissue divides itself into two cells is called cell-division. 
The first change which takes plaue in such a cell is that its 
nucleus gradually swells till its compact form is lost. By and 
by the Knin thread becomes thicker and looser as shown in 
fig. 290 A. The nucleoli and the nuclear membranes disappear, 
80 tii|i||i'»tiie nuclear matter now boats freely in the cytoplasm; 
Abo# this time, on two opposite sides, called fbe 



CEiiL mvimiii ^ 

tbe <qrtop)a8a ii rantd in tJbe foina of tvo caps eo to 
form A burel'i^ftped Btructor«i. called the nvcleor spitdk. 
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Fill. 2i)0. DiagraioB t-bowing nDclMr cbangee. A, the gieftily 
Rvollen nuei^nfl wtth its linin tbi^ad }<f« entangled ; B, formatio&'W 
nocleai'-spindle and chromoeoinea; 0, aeparation of daughter chtbiue' 
Bomea and their migration to the polee; B, formation of daughter 
nuoleii by the reanion of daughter cbromeaomea and ot the oelKplate 
in the middle of the cell. 


Fine threads now appear in the cytoplasm and run from 
pole to pole and pass through the uuclear matter. The linin 
thread, with the chromatin granules ranged in parallel rows 
on it, now breaks up into a definite number of pieces called 
chromos&met, Tbe chromosomes settle down in the middle of 
the spindle, and each is attached to some cytoplasmic threads 
which pass frtttn pole to pole. These fibres then contract: 
towards the poles and eventually split up each chromosoui^ 
into two daughter chromosomes (fig. 291). The fibres 
go on contracting and drag the daughter chromosomes 
towards the two poles as shown in fig. 290C. In this 
way each pole receives exactly half the number of ohro- 
mosonaes. Next the daughter ohromosomes of the two poles 
unite end to end, become entangled, and form the nuclear net* 
work of the two daughter‘nuoleii. The cytoplasmic fibres 
then collect round them, gradually lose their fibrous nature 
and form the ,homogeneous cytopU^ of the two daughter 
cells. Between the two, in the mkldle of the parent cell) 
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sraimle* of peotote matter are gradually'developed and these 
eventually form a oontinuoua eelhplatg, Iji this way two 

daughter cells are formed from a single 
embryonic or meristematic cell. The daughter 
cells then grow, the thin peotose layer receives 
cellulose matter to form the resistant cell- 
wall, and after a short time the daughter cells 
divide in their tarn. In this way a multi¬ 
cellular meristematic tissue arises which con¬ 
tinually cuts off cells, some to grow up into 
Fig, 291 . mature permanent tissue, others to retain 
Diagram showing meristematic character. 

tiwo cbromoBomo? ttl f a.i_ • • *. 

splitting into Structure of the growing point 

danghtei ohromo. of a stem or a root is very simple. The 

tissue at the very tip is a meristem ; it is 
made up of a number of cells which are all alike both in 
form and function. The cells are small, with a very 
thin cell-wall, and are full of a dense protoplasm. The 
nucleus is very large and fills almost the whole centre, 
while vacuoles or sap-cavities and starch and other granular 
matters are absent. Chi omatophores are generally represent¬ 
ed by small leucoplasts, loss frequently by pale-greeu ohioro- 
plasts. The only function of the cells is to divide rapidly, 
niid as the division of a coll is preceded by a division 
of the nucleus, the latter forms the most prominent part of 
the cell. This special meristem continuously prepares new 
cells. Of the tiem of cells cut off by the meristem, those 
that are at the top continue the meristematic character, while 
those of the lower tiers do not only divide hut also grow 
up in volume and at last form the permanent tissues of the 
adult organ (stem or root). Below the growing point the 
cells are actively growing ; they Assume different forms, some, 
long, some round, and so on ; vacuoles appear, the wall is 
thickened, and other changes take place in the cells, and 
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thus udw oell-aggregates or tissues are formed. Lower down 
the organ is fully differentiated ; parenohytna, sclerenohyaa, 
traoheids, and other tissues are formed. These are the per* 
manent or fixed tissues, so called because they show uo further 

growth, having attained their adult form peroianently. 

» * 

At the extreme tip of the growing points of lower plants 
including the Ferns, there is a single cell, called the apical 
cell, from which tiers of meristematic cells are oat pff. The 



Pig. 292. Tiongitodinsl spct.ioa of I,he growing tip of a htem siiowing 
the three primary meriMteras ;—d, the dermatogen ; Pr, the periblem ; 
pl, the plerome. 

growing points of higer plants (phanerogams) have, how* 
erer, no apical cell but layers of meristematic tissue which 
constitute the primary meristem. Often, however, a small 
group of cells or even a single cell; corresponding to the apical 
cell of lower'plantet can be found in the primary mcristehi. 
These are called the initids or the initial cells. give 

rise to the primary meristem. The meristem which precedes 
the primary meristem is called the primorclial or pro* 
merietem; from it all other meristems follow ; the apical 
bell, and the initial cells are instances. New formations 
such as leaf buds and branch roots first arise as a group of 
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small aotiveljr dividing cells from the {mreot axis. These 
oom^iHiute the primordial meristeai and later ooi in the 
elongated stem or root, become more masuve and coostHute 
the primary meristem of the growing apex. The pritsary 
meristem is differentiated into three distinct layers of 
meristem. These are (fig. 292) : — 

(1) The dermatogen, the outermost li^er, passing right 
over apex and covering the c^er tissues like a mantle. 
Its cells divide only at right angles to the surface. It thus 
forms a single layer of cells which lower down form the 
epidermis or the outer skin of the plant. The dermatogen 
and the epidermis thus form a continuous layer covering 
the young organ, the dermatogen being at the top cutting 
off cells which lower down mature into the epidermis. 

(2) The plerome, the central mass of cells of the grow* 
ing apex. This can often be traced to a few initials 
(fig. 292). Its cells are slightly elongated hnd mostly divide 
by walls parallel to the surface. It produces below and 
is continuous with the central bard tissues of a plant which 
constitute what is called the stele. The stele forms the 
central cylinder of the plant and consists of elongated 
tissues which serve to conduct water and food matters. 

(3) The periblem, the zone of meristem lying between 
the dermatogen on the outside and the plerome in the 
centre. Its cells divide in ali directions, both by longitudinal 
and transverse walls at right angles to it. It produces below 
and is continuous with the «>ft parenchyma, called the 
cortex, which lies between the epidermis and the stele. 

The dermatx^en, the periblem, and the plerome are the 
three differentiated parts of the primary meristem. They 
produce the three adult primary tissue, the epidennis, the 
cortex, and the stele respectively. The epidermis is the 
tisBus which forms the protective covering of a young orgs«; 
th^ Cortex prepares and stores food matters, while the rtele 
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firmit ill 'mtTf to fttid fro wd otilMF Ibod of 

tlw fjftaife. iL^tor oRi ia fih« oMer port of th« atomi these 
simple prim ary tiMaea are further <iiiferetiMate(}< 

the prhiuuy loevai^m of the root differs slightly from 
that of the stem. 'Rte aotoal merietem lies a little behind 

> 'W 

the very tip of the root ^ere there is the dead twsoe of the 
root-oap. The outer dlder oelhi (a. fig. 393) of the root-oap are 



Fig. 303. LongitadinsI seetioa of the growing point of a root 
abowiog ; a, the oalvptra or root-cap ; b, the oaljptrogen ; c, the derma* 
togen; i, initial cells ; Pr, the periblem ; Pi, plerome. The dark layer 
between pl and Pr is the endodermis. 

torn away as the root barrows through the soil, and newer* 
cells are added from behind by the calyptrogen (h). This is 
the first layer of the primary meristem' of the root. It 
divides its oells both inside and outside, those out off on the 

I 

outside going to form the root*oap or csdyptra. while those 
on the inside form the derm itogen (c). A distinot dermatogen 
cannot, however, often be traced as it is merged in the oalyp* 
trogen. But further away from the tip a diatinot root* 
epklermis, called the epiblem, is developed either from the 
dermatogen or from the oslyptrogen. The periblem and tiie 
I^erome oi the root can often be traced to a single of* a few 
initial oetis, (i, fig. 293) from which lower down tiiey be* 
oome oleerly difl^rentiated. These two meristmui are separated 
by a distia^ layer of Qlose*psolEed oelle which forme the inner 
bigut of the periblom and later ou deyeiofm into the 
ondodemue eeparatiog the cortex from the i^e. 

14 
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Intercellular epacee.—Tbese are epeoes formed generally 
by the splitting of the oommon cell-wall of a^foinfoS 
They occur generally in some types pM^^byma, e.y. in 
the cortex of stems and roots, in the parenchyma of leaves, 
etc. The simplest iiiteroellalar spaces are triangnlar or 
quadrangular in outline (figs. 270, 271). In the cortex of 
stems and roots they are generally small and contain only 
sir. Larger intercellular spaces containing air are found in 
leaves. They are especially abundant in water and marsh* 
plants and in floating loaves. Large air chambers or passages 
found in spongy tissues, such as in the petioles of Banana 
and water plants, are formed by a tearing or break-down of 
the walls of i group of cells. Such cavities or obambera 
are cillod lyngmic intercellular spaces as opposed to the 
ordinary schizngenic spaces formed by a mere splitting of the 
cell-wall. 

In many plants lung ducts or canals are formed which contain 
resins, gums, or other waste matters, as in Pines. These are inter¬ 
red I alar spaces formed either lysigenously or ecbiKogenously (see fig. 
299 r), surrounded by special secreting cells called epitbelinm cells. 

Kinds of tissues.—Tissues are primarily of two kinds : 
(l) multiplying or embryonic tissues, called meristematic 
tissues, and (2) fixed or (rermauent tissues which arc fully 
grown up and differentiated tissues. 

I. Meristematic tissues.—These are formative or 
dividing tissues composed of very small tbin-walled cells 
with abundant cytoplasm and large nucleus. The different 
forms are 

1 . The pro-tnuristgm, the original meristem of embryonal 
T>art8 (embryo, buds, etc) from whieh all other meristems arise. 

y 

2 . The primary meristem derived from the last, found 
at the growing points of stems and roots, and showing the 
preliminary differentiation into d«nnatogen, periblem, aiid 
ploromo. 
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Tbe pro-vamHum ia ^part of the plerome; it ia the 
iperifteza which later givea rise to the permanent 
conducting tiaanea of plants. 

8. The secondary meristem originatee from living perma'‘ 
nent tiasoea which have already matured certain cells of 
such a tissue undergo repeated cell-division and then resume 
meristematic activity. Two such meristems are well-known:— 

(1) The pheUogen or eork-eambium is a secondary 
meristem which arises in the outer cortex of a platitt just 
below the primary epidermis, to give rise to the cork or bark 
(fig. 294) of the plant. This cork tissue replaces the 
epidermis in old stems or forms a covering to wounds. . 

(2) The canddutn is a meristem formed in the stole of a 
plant which continually produces the wood of the plant. It 
is due to its piesence thqt Dicots and Fines increase 
continuously in thickness. 

Epidi’imiB with a tlnch cuticle 
on the outside. 


Cork pai'cnuhyniJi wilh dcati 
Ihiclv-wallcd subtribcd cells. 


Dicllogen or noj k-caiiibiiini" 
actively divifiiug cells cut¬ 
ting off dead cork colls on 
the outbide. 

Fig. 21)4. Cro66 section of the bark of a stem, 

II. Permanent tissues are the fully growii up adult 
tissues of a plant. They m’e derived from the primary or the 
secondary meristems, and hence in origin m.iy be either 
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prixoary or <seootidary< They nay t>a divided into ttiree 
groQpa: parenchymal proBenohymai and vaic^dar aeocHding 
to their form. 

1. A parenchyma >8 typically a soft tiesue witib thin- 
walled oeUs which are more or less roundish or regular and 
generally have protoplasmic or other cell-contents. *' It forms 
the soft ptwts of a plant, of stems, roots, leavw. fruits, etc. 
Three special forms of parenchyma are : —> 

(1) Chhmkihyma, or the green parenchyma oocursng 
in all green parts of a plant, the green colour being due to 
tibe presence of qhloroplasts in the cell. This is the 
assimilating tissue of the plant; it prepares starch, sugar, 
proteid and other food matters. 

(2) ColiencAyma is also a green assimilating tissue like 
die last but it is mainly a strengthening tissue, for the 
cells have thick cellulose walls and can consequently be 
greatly stretched. It occurs in most rapidly growing 
herbaceous stems just below the epidermis (fig. 296). 

Fig. 2M. Fig. 296. 



Fig. 296, A sclcrenobyma tissae; the long fibroiu pointed cells 
are interlocked (longitudhml seothm x MO). 

Fig. 2^. Outer part of a transverse section of a stem, showing 
E, the epiderinis with c the cuticle, and ch, the collenobyrna below, 
the epidermis; W, thg thickened csll-wall of the collcncbyma.cclls ; 
cl, the ohloroplssts ( x 31U). 
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<S) ^m 0 ik}hp»a ia ft rtry tponift 7 «r«Bdtyinft witli 
kirgft irfHriMees wbNb breftk vtp Ha tkttoe into ffemodi or 

« I 

pUtM oi oells. It oonstitiitM tibe ventllfttilng tiiMme of 

plftt^ and in vary prominent in wftterplftoti, • 

Tbe toflft {MtenobjiBa is applied g^ienily to., all soft ^ses, It 
may faftfe to perform Tarioas fnaiitieHBB, soeb as asafnilatfooy stwage, 
scoKtioo, eto.' ^ instance, nodergrotind straotom aneh as toVer, 
eora, rbftoBir, etc,, uid seeds wbiota ftntotipo as tbe stoie*lioiiMri6f 
Bfttritire xoatiers, consist saaloly of a ooIoar<IflS8 paresobynw tbe odls 
of wbioh ooutain starch, oil, or protoids; this storage tisofte may be 
called a storage-pennOnfma. (Fbe green oblorenohyma is enentiaily 
an assimilating parenchyma, the mrenohyma is (be Tentilatiag 
parenofayma, and so oo. Ckn1;’pafmui^^m<w brown tissue formed 
on the snrhMe of potato taber (fig. 277) and (Hher tmdergroand add 
grown op serial stems {»,g. of Quava) has a protective fonettoo; 
it ooDsiets of regular cubical cells which are full of air and have 
suberised walls, so that the tissue is impervious to water. A paren* 
ohyma which secretes waste Butters such as gums, etc., as in Pines, 
Bal, and many other plants, is sometimes known as the 
ptargndtjfwia it consists of thin>walled cells with living contents tbe 
function of which is to secrete waMe matters. 


2. A prosenchyma is typically a ttssue composed of 
elongated cells. When the cells are thin-walled, they con¬ 
tain living matter along with the usual products of assimila- 

to 

tion, such as ||ugar8, protoids eto. which they carry from 
one part of the plant to another; when , thick-walled they 
are often dead, bard, lignified cells, and contain only air or 
water. Two typical prosenchyma tissues are :— 

I. SeUrmohyma or the strengtbenipg tissue ; it consists 
of long fibre-like or spindle-shaped thihk-walled cells 
(fig. 296) with pointed extremities so that they interlock 
into one another and thus form continuous strings running 
through the plant. It is a dead hard tissue which servos 
a meohonioal function. The fibres derived from p^nts for 
textile purposes, as from Ptne*apple and Agave leaves, 
Banana, Jute, etc, and those from I^Ims used for rope- 
making, are solereuohyma. 
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2 . I'rotAeide tissue is the Waterloondaoting tissue of 

plants; it consists of traoheides (pi. 186). 

3. A vascular tissug or a vessel is formed by tbe fusion 
of cells. It is formed in this way : a row of elongated eells 
placed end to end become so firmly united that their trans¬ 
verse partition walls break down or become perforated by 
pits so tiiat a continuous channel is formed. A vessel is a 
conducting tissue ; water, sugar, proteids, and other matters 
formed during assimilation are rapidly transported from place 
to place through the vessels. The common vessels are : 

1. Tracheae or wood-vessels which conduct water. They 
are composed of thick-walled, lignified, wide tracheides placed 
lengthwise end to end and so united that the end-wall;; 
disappear or break down during growth. They may be ; (a) 
simple pitted, {b) boidered pitted, or may have (c) spiral. 
(d) annular (fig. 274), or («) reticulate bands of lignified 
thickening layers on their surface ; (/) a scalariform vessel is 
one in which the surface bears elongated pits arranged in 
parallel rows so as to look like tbe rungs of a ladder. 

2. Siivt-iubex are thin-walled vessels which conduct 
nitrogenous and other matters. They are composed of long 
thin cells with their common walls, ospociallj^he tmusvei'se 
septa, perforated by small pits termed sieve-pits, through 
which the heavier albuminous matter’s readily pass. So long 

as a sievO'tube is active its walls is lined with cytoplasm, and 

* 

tbe pits are open, but in old sieve-tubes the pits are closed 
by a slimy matter called callus (sec fig. 276). 

3. Latex-vessels are formed by the fusion of a row of 
elongated thin-walled cells tbe end walls of which arc 
absorbe^. They conduct the milk or latex in some plants, 
e.g.^ the Poppy, Mexican poppy, Papaw, etc. Such vessels 
as a rule ramify in all directions by sending side-branches 
which fuse at tbe ends when they come in contact. 
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Green, living Coiouriess, living or nut 

I _ _!__ 

Ohiorcnchma Coiieucbynia Aerenchyina Storage parenchyma, 

Cork parenohymo, 
Wood parenchyma, etc. 


QUESTIONS, 

1. What are tissues and how are they formed f Name an<l describe 
some of the principal kinds of tissues. 

2. Wliat are meristematic tissues f Describe the structure of the 
growing point of (1) a Dicot stem, and (2) a Dicot root. 

3. Of what kind are the following tissues, and where do you find 
them ?—collencbyma, tracbeide, latex vessel, procambium, pliellogen, 
traohem; sieve-vessels, oork-parenohyma^ plerome, caiyptrogen, and 
sclerenchyma. 

4. Distinguish between (a) a latex cell and a later vessel, 
(b) tracheae and tracheides, (c) parenchyma and prosenchyma, (d) 
cambium and procambium, (e) pro-meristem and primary meristeai. 

B. Give i^olassification of the permanent tissues^ 

G, Describe tissues which serve (a) meobanioal,{b) conducting, and 
( 0 ^ assimilating functions. 


aiAPTER XVtt. 




PkiMARY TISSUES. . 

The primary tissues differentiated Itom the three 
primary meristema dermatogea> periblera. and plerome di (he 
growing point are formed in young organs, suoh as stems 
and roots, and may now be studied in detail. 

The primary tissues in a young Dic<rt stem may bs 
easily observed under the microscope or with a high-power 
simple lens in thin transverse sections from the stem' ol a 
young plant (Pea, Gram, Sunflower, Balsam, etc) a little 
below the growing point. Fig. 297 shows such a section as 
seen under the microscope. The outermost layer of tissue 
forms the skin or the epidermis. It is composed of rectangular 
cells which fit closely so as to form a continuous layer. The 
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Fig. 297. Cross-ssStion <rf a vSry yoong Dioot stem (llagtaiiied x 60.) 


external cell-wall of this layer is sightly thieken^ and may 
be removed, especially lowm down as a tUn sheet eaUed ^e 
caridk Below the epidermis oomes a none of manydayered 
' parendiyma whioli ooqstitntes ^ oortex. This is gremi osriag 
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to th« .pw» 9 f»e of ehloroplasto in i&« odia> Xbe inoor lajrent of 
tlia oortox are ooloutieM, and aarnmad eevend «redga*«hapad 
oompaot bodies called fche buodlee. miese are, arranged in a 
ring wfatoh forms the central Cylinder or the stele. The 
core or middle part of this oyiinder is a Urge-eeliad paSren* 
chyma called the or pUh, The boodles are separated 

from oue another by strands of parenchyma mnniog from 
the pith to the cortex : these strands are called nwditfiorp 
rnjrr. 

What do these tissues do ? The epidermis forms the 
outer covering and serves' to protect the inner tiasues from 
iftjury ; for this purpose its outer wall is thickened to form the 
cuticle which becomes cutiinsed and impervious to water. 
The outer green cortex (ohlorenohyma) is the assimilating 
tissue ; it prepares abu’oh and'other fxxxl matters ; the inner 
colourless cortex merely stores them. The bundles of 
the stele servo to conduct raw aud prepared food matters 
to and from the assimilating tissue, also to carry water 
and other food to the growing apex of the stem, root, 
leaves and bads. The medullary rays serve as a channel 
of oommunio.ition between the bundles, on the one hand 
and the cortex and the pith on the other. When the 
amount of food matter prepared is more than mm be stored 
in the cortex, the surplus passes through these rays to the 

m 

pith to be ooUeoted there- The pith is also ofteo the part 
where waste materials are stowed away. Also the water 
required by the cortex is drawn from the bundles by the 
medullary rays- 

Excepting the bundles which are greatly elongated and 
so prosenofaymatous iu form* the wbede mast ol tissuea 
enclosed by the epiderniis is a soft paren^^yma teMaed the 
j^damentiJ tiemey so eidied because it is of the greatest 
importapoe aniEi; is tibe parent of all other^ tiesues (secondary)* 
Its psrts^w^ on the assimllsiting, stortgo, inoehMical apd 
14 <«) 
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other funotiotia. In the Dioot etem the ring-Uke ai'renge* 
ment of the bundles divides the faodameatal tissue into two 
parts; (1) that lying outside the ring of bundles is the 

and (2) that enclosed by the ring and foriuing 
part of the stele is the iiUra-stiiar fundamental tissue. 

1. Epidermis. 

2. Otttcr cortex 
i’blcBuieiioa, 

4. Pencycle 

5. Buudic 

6. C'aoQbium riuj^ 

7. Medullary rays 

8 . Bioto-xyiein 

I'ltb 


10 Xylciii 
1], Buniife 

12 I’hlfem 

Fig. 298. Diagrammatic ototfs-seonou of a young Dicot htem. 

The extra-stelar fundamental tissue, or the cortex, 
is often differentiated into tbree parts, though these are not 
very distinct in every young stem. Sections taken from a 
grown up herbaceous stem show that just below the epidermis 
there is a zone of green tissue the cellB of which are thick- 
walled. This is the collenchyma (fig. 299 Co.) It is formed 
in alt herbaceous Dioot stems which crow in length for a 
long time, annual stems for instance. The oollenehyma 
serves not merely as the assimilating tissue but by virtue 
of its thick walls also gives the necessary rigidity to the 
' soft stem to keep itself erect'. This sub-epidermal portion 
of the fundamental tissue, called the hyfodtrma, is thus 
dietittguMi^l^ fi'om the inner softer parenchymatoui cortex 
^hibh Jiiky be partially green or entirely colourless. The 
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io&ermcMft layer of this eortex. that which immedia^ly 

, ' 

iDve^ the eteloi is often formed as a single layer of close' 
yacked oellsi very much like the epidermisi and is distinguish¬ 
ed as a starch containing sheath or Phhealtrmd (dg. 299 E). 

It is not well, di^erentlated in aerial stems but in rhisooies 

' < 

and aquatio stems of Dioots it often forms a very firm and 
thick layer called the endodermis (p. 209). 

The intia-stelar fundamental tissue or the parenchyma 
of the stele also consists of three parts: of these the medulla 
and the medullary rays have been mentioned. Tbe other 
part which is conspicuous in such parts of the young stem 
which trail on the ground (in climbers, creepers, rhizomps, 
or trailing parts of the stem) is a zone of tissue just below 
thi pblcBOterms and surrounding the bundles. It is termed 
the pericycle ; it forms the outermost layer of stele ; beyond 
it He the extra-stelar tissues. The pericycle is the seat of 
formation of young roots which always arise endogenously 
from tbe stem (adventitious roots). In erect stems it is 
sometimes present as a very thin layer with no particular 
task to perform, except sometimes as a well differentiated 
sclei'enchyma to give rigidity to the stem, but very often 
its formation may be induced wherever there is the necessity 
of root-formation from the stem. 

The bundle is the most complex of the tissues present 
in a plant. In a cross-section of the Dicot stem it is wedge- 
shaped in outline, and consists of two well-defined parts; 
one consisting of hard, lignified, thick-walled elements the 
cell-cavities of which are large and contain only water—this 
forms tbe inner half of tbe bundle and is called tbe xylem, 
and the other, the outer part of tbe bundle, consisting of 
soft tbin-walled elements, the cells having a slimy proto¬ 
plasmic content—this is called the phloem. The xylem is that 
part of the bundle through which water and i*aw food-mattors 
in wltttion travel; the phloem is the part through .which the 
assimilated pi-oducts pass, l^tween the two lids a t^in 
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|IA» BHHi# 

U|^ m fxtretoe]^ tAinnviallad. •ctiveir. eM 

wfaifeii prepare new elesMiidto of atmI 

bti ifte two ’sides and tbos inoreaM tfa* troiiiai««{^A» 
litavdSie. In a very youn^ Dioot stem, Sf|il. cbmU* 

in"‘»n ;^,jitseiu they «nfiiie«:«ii#:SVas tbe.plaai^l^ 










^Epidn-nis witblWus 
—^Coilenohyma 

—Inner eertex 


—Phtnoteraa ^ 

—ITarrt bast 
—Soft pbkiein 
—CamblniD 


—Xylem 


—Mednlla. 


Fig. 2H9. Cross-section (one*fourth only) of a full grown Sun* 
howcr stem; £p, epidermis with a thick ouUclu on the oulshie add' 
hairs ; Co, collenobymatous bypoderma ; r, resin passasce surroniMi^ 
hy small epimeliurn cells ; MR, medullaiy rkys. (Magnified x ISO). 


Development of the bundle.—^Eacb bundle is deve* 
loped from a prooambium strand of tbe plerome. During 
Its differentiation tbe first formed xylera; ealled |be pratornytem 
and the first foi'iued pbloem> called the prctorphiMin 
formed on two opposite sides of tbe prooambiumi so tba| tim 
(troto zylem lies nearest the axis of the stem at tbe ap^ of 
the wedge and the proto-phloem farthest away. From th<w« 
points djUferentiation proceeds towotnlg the ceptr^ |ai<t«l 
the p^sblK^hium the bf tv:hl<4 l^dnally 


^ • 


•4K t 



, «Si 

inuMrfom into h«nl Hfmified thiek‘^a]}«4^ e}eQ^Mi8 1^ 

axb. and ws^ tiiin-wrikd living alemenks toga^er Jrll;h 
on th« QpfK^a ttd«. Tb« Istt^form the 
former t^e The hentral part of the'p 

howevoTi'il not eonpMed into a permanent tisnie* 
its nmnetematie cJtaraOii^Jand fWe^the oambiraiit ^iA|tilr llw» 
bundle ia formed froitf the prooaiiihium> t^e eapbiaifi 
still oontinuee to add neW^ elements of pbloeui oil 
and new elements of xylem on its inside, so lbat'gn|i(itul^ 
the first formed elements of the xylem uid phlom^' 
proto-xylem and tlm proto-phloem, are pushed larther 
farther apart. In a fully developed bundle the proto-: 
and proto-phloem cease to perform their funotion. 


The xylem consists essentially of tracheides and tracbsse, 
the water-conducting tissues of'plants, together with a thiok- 
walled parotiofayma, called xylein-parenchyma, the ceOa of 
which are at first living and supply the trachseal elemeiltB 
with the necessary food, but later lose their protoplasmic 
contents and simply store starch, sugar, and similar food- 
matter. The first formed elements of the xylem (proto- 
xylem) consists only of a few long spiral and annular traoheaa 
which are gieatly stretched and may even be broken, for 
the young stem ..in' which they are fom^ grows very fast. 
The metaxylem is composed of shorter and stronger MemeDtij' 
they are mostly pitted or reticulate vessels (trachee) and 
tracheides. Vessels and tracheides predominate in a young 
xylem, while wood-parenchyma is formed later by the activity 
of the cambium. (See fig. 300). 


The phloem consists esssntially of sieve-tubes» certain 
sister-cells of the sieve tubes called com^anitm cells (see fig. 2711, 
to the left of the wide sieve-tube are two narrow companion 
cells with nuolei n), and thin-walled fibres. The sieve-tube 
serves to Peuduettfae p vote plasm ie and proteid. materials, while 
the companion cell seems to help the sieve-tube to discharge 



222 JILEMEKTARY fit)TANY 

its function. The companion cell is so called because it is 
formed along with a sieve-tube cell from the same mother-cell 
of the prooambium ; this mother-coil divides longitudinally 
into two, one becomes large and wide and goes to fuse with 



Fj{r. 300. I,onpitudinaI wctjoii of a Dicot blcm (part only). 


the upper and lower cells similarly formed in the same row to 
form the sieve-tube, while the other remains as a narrow cell 
with abundant protoplasm and larse nucleus— this is the 
companion cell. The sieve-tubes with their companion cells are 
the first formed elements of the phloem. They constitute the 
pToio-plihem ard carry the nitrogenous food-matter for the 
young organ, the caibohydratc food-matter being conducted ly 
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THE BUNDLE 

tJie parenchyma lying about the buadle and in the xylem and 
phloem. Later on other aieve^tubes «rith their compaoioo belle 
are didereutiatedi and also elongated phloem prosenohyma 
and parenohyma erhioh are all thin*w^alled oelle. iu many 
oases in addition to these soft eleiaeute there are formed 
thick-walled fibres, called ba^t-fibresp in the phloem which 
serve to protect the tender softphlojm from tearing atreas. in 
Sun^fiower (fig. ^9U) and other woody herbs the bast*fibre6>. or 
the h^rd-bast as they are collectively calledi lie on the outside 
of the soft phloem or $oft-b^sL The bast‘fibros are not 
present in very young stems but are fairly oommoa in the 
adult organ, eapeoially of climbers and annuals (JutOj HempL 
They are^ very long spindle-shaped cells with a thick wait 
of cellulose which in many oases become lignified and hard. 

The following is a summary of*the tissue-elemeats present in the 
primary Dioofc bundle.— 

1. Xylem, near the centre of the stem or the medulla— 

PaoTOXYiifiM, occupying the apex of the bundle, nearest 

the medulla, consisting of spiral or annular tracheee, 

2. &f BTXXYLBM, the rest of the xylem, consisting of 

(a) , or trachese, pitted, reticulate etc. 

(b) . Tradiaidas^ vasiform or fibrous. 

(o). Parand^ma^ small regular cells. 

2. Phloem, towards tbe cortex— 

1. FfiuTorHiiOBM, consisting of narrow sieve-tabes and 

companiou cells. 

2. Mktaphlobm, tbe rest of the phloem, consisting of 

(a) . Wide s^-hAas with 

(b) . Contpanim calls and other elongated ceils. 

(c) . Bast JAras or thick-walled elongated ceils which 

constitute the bard-bast, the other parts of 
the phloem being $ofi bast* 

3. Cembiunr, tbe mexistematlc tissue lying between the xylem and 
phloem, consisting of row of small thin-walled rr^ular actively 
(|ividiag cells. 
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. The primary tissue of» young Oioot stem msy be snamnrised «» 
tieiow.— 

■♦.•i ■ * 

Darmutogeu Periblem Pleroaie 

I .1 J 

Epidermis Cortex, or SMle 

Extra stelar tissues. ~ 

_L _J_ 

Hypoderma Corcex Phloao* Intra Bandit. 

(Oollenobjma) proper tertoa tiBsuesp | 

PerioycleT Medullary ray a* M^aila. Xy tetu Cam b iarn PhloetuT 

Proxylear, llj^xylem. Protophloein Metapbioem 

_!_L_ 1 I 

Spiral Auuuiar Other Tia- Sieve- Com pa* Pit loem- 
vessels vesbeis Teasels cheides tubes, tiion cells, paren- fibres. 

ohyma. * 

Hie primary tiwues of a Monocot irtem may be 
observed in a thin transverse section of a young Qrase stem 
or that of any herbaceous Monooot. The epidermis-forms 
a continuous layer of rectangular cells with a cuticle on' the 
outside as in Dicots, but the arrangement of the other tissues 
is very different. The bundles are seaffm'td in the ground 
tissue, not in' a ring as in Dioots; they are also not wedge* 
shaped as in Dicots but have an oval outline in cross-section. 
Owing to the scattered arrangement a well-defini^ pit is 
not seen, and the iiitra-stelar and extra-stelar fundamental 
tissues cannot be distinguished; neither can the medullary 
rays. (See fig, 301.) 

A 

Below the epidemis lies the cortex ; this is not a uniform¬ 
ly soft parenchyma but consists of isolated strands of scleren- 
ohyma separated by patches of green {mrenohyma. The 
reason why the hypodermal selerencbyma is formed in the 
. MoiKxiot stem and not as a rule in Dicots is that the latter 
soon form a continuous ring of hard iifood through tiie aotivitf 
of the cambium and this wood eoables the stem to remain 

erefsd^ whereas in Monooots there is no cambium in Ue 

, ,' • ■ 1 ' ' ' 

bundlles And so the wood is not formed and, tihe '^m cm) 


MOHOOOT STEM S2S 

otdy be made etiR belp of tebeeluMimal or fitreogtben-' 

ing tiscRies^tbese are the solereoohyma gtrandUu 

The cortex forme a very thin zone ; inwards it merges 
into the large-oelled peronehynm of f^o stele, and Uie 
bundles are found scatterod taf in ihe hypodennal . region. 
This is because the stole of th<e hfonooot toem forms a very 

wide oylinder, stretching so fair out as fhe outer tissues, so 

^ * / 

that the oortox is oomparatirely a thin zone, A phlosotermn 
is not distingukhable, and so too the pericyc^e of the stele, 

•r f I 

though in the trailing or losvbr part of the stem a ring 
Pig. 301. Pig. m. 



\ 


Fig BOl. CroaS’S^otion oi a typioat Monocot steto showing the 
soatteml arraugement of the npmeroue bundles. Fig^ 302< Croes-eectiou 
of a Palm-stem showing the bundles arranged in several ooncetltric rings. 
Note the scierenchyina patches in the outer cortex. 


of tissue may be seen surrounding the region of the bundles. 
PrOm this riag adventitious roots first begin to develop. 


The ateie is differentiated from the plernme as in Dioots. 
The prooambium - strands develop into bundles which are 
ofteh present in large numbers; they are ' scatteiSMi in the 


gixwnd tissue and hence do not enclose a well-defined pith, 
nOr are the ^.inedullary-rays diSerentcatod. The pericycle, 
itowevef^/ is'presents but not often distinguishable from the 
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Miound tissue in which it is merged, though in some casee 
if is developed us a ring of selerenohyma. 



Fig. 303. Croes-seotion o£ s Monooot bundle (highly tuagaiflcd). Jt 
The bundle consists of xylem (g. g. s. r. i), phloem (v. v. t.), and the ' 
Bclerenehymatous bundle-sheath (the thick-walled cells) surrounding 
the xylem and phloem, p, thin-walled parenchyma of fundamental 
tissue.. The xylem consists of ; g, g, two large pitted vessels; s, spirally ^ 
thickened vestel; r, annular vessel; I, an air containing cavity, and the 
smaller x^leni parenchyma. The phloem consists of v, v, the sieye- 
(nbes, aii(Mhe smaller companion oellB near them, 







MONocot 22? 

Eoeli buR<lie oeosiatii at xylam the centre of the 

stem and phloem facing the oorteix. bat the Mooooot bundle 
differs from the Dicot bundle ib nmny poiihe. la the 
place there it no oambiumi eo that a bttadle msoe fully 
differentiated from a procambium st^nd cannot grow sub¬ 
sequently^ Snoh a bundle la said to be closed, as opposed 
to the Dioot bundle which pqtsesMs cambium and is hence 
called open. Xear after year new zylem and new phloem 
are formed by the cambium of the open Diebt bundle, so that 
it grows oontihuoualy, but the closed Monooot bundle cannot 
grow further. It is for this that Dioot stems continually 
grow in thiokness; Monooot stems do not do so, they aVe 
oolumnar or cylindrical throughout. And secomdlf, each 
bundle is more or less surrpunded by a thick sheath of thick- 
walled fibres or *solerenchydia (fig. 303)—this is called the 
bundle-sheath. This sclerenchymatous bundle-sheath is a 
characteristic of the Monocot bundle. It serves not only to 
support the delicate tissues of the bundle, but also forms, 
along with the hypodermal sclerenchyma, the system of 
mechanical tissues which makes the plagt rigid. Such a 
.sclereiKjhyma-sheath is absent in the Dicot bundle for 

k 

obvious reasot>8. The Dicot bundle grows continuously in 
thickness, so a rigid sheath like that of the Monocot bundle 
would be of little use and would soon bo ruptured, if present, 

and further the cambium itself produces, along with the con- 

» 

ducting elements of the bundle, some fibres, such as the bast 
fibres of the phloem and the fibrous tracheides of the xylem, 
which act as the strengthening tissue. 

The xylem of the Monooot bundle is V-shaped in cross- 
section. The apex of the V is turned towards the oentre^of 
the stem and is occupied by a few spiral and annular ▼.easels 
or trachete. These coustitute the pM^-xyUm, while the 
fMta-vyhm occupies the two arms of the V. The first 
formed vessels of the proto-xylem is often torn during growth 
so that a large intercellular space (lysigenic, p. 210) is foundt 
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at this part, Eadi arm of tifata V ^ aaf%«d bjr a aingle vary 
wide Teasel witii spiral or r^oplata thiekenmgs. Between 
the two arms lie several oarrow vessels apd’ taraolmidea (in 
most Grasses), or simply tbe phloem (in many Mmtaoflits)/ 

V 

p 

The phloem lies either between the two arpts (A tiie 
xylem or a little away frmn it. It forms a oompamtiTely 
small roundish patch, and cohsists almost entirely of meve- 
tubes wilh their companion cells. . 

* 

The followiog table gives a oomparisoD of the primaiir 
tissues pi young Dicot aiM) Mooocot stems. — 



Picot Stem. 

1, SpiDSfiViB, a single layer/ with 

cuticle oh the outside. 

2. OOBTBXi a very wide sone, con¬ 

sisting of— 

A. An outer collenchyma 

B, Thin*walled green paren¬ 
chyma 

c. Innermost layer of 

phlCBOterma 

a, Btrlb with buadles arranged in 
a ring, consisting of 

A. A ring of pericycle on the 
oataide 

B. A medulla in the centre 

c. Medallary rays between the 
bundles 

f, Bandies, wedge-shaped, open 
A. Xylem 
n. Phloem 
c. Cambium 


Monococ Stem. 

1. EPiDBSiiie, a single layer with 

cuticle on the onteide 

2. CoRTSz, a thin zone, consis- 

ing of— 

A. Outer scleiencbyina 

bandies 

B, Thin-walled green |mren- 
cbyma merged into the col¬ 
ourless stelar parenobyma. 

3. STSliB with bundles scattered 

in the ground tissue, with 

A. Pericycle not very distinot 

B. Medulla not distinct 

c. Medullary rays not 
present 

4. HTTBOtiBS, cylindrical, closed 

A, Xylem 

B. PhlcBtn 

c. Vascular bundle-sheath 


The bundles of the stele are called vascular bundles because they 
congifet mostly of vascular tisSY.^s and so must be distinguished from 
the eclerencbyma bundles which are often found in the cortex. The 
vascular tissues of a bundle are, however, often as^iaUd with fibrous 
cells, as the bast fbres of the phloem and the dbrous tiacheides of the 
, xylem in the Dicot bundle and the fibrous bundle-sheath of the Monocot 
bundle, and hence a vascular bundle is also called a fibvo-vascular 
Inindl** Buch a bundle is not a simple tissue, but is made up of 
#^severilti/t}eette« : (1) the trocheide and tra^beao constitute the conduct- 
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tor aadi nfw }oo(}^auit«ef8 (9) tbe 

sHm^fobM *111^ <3onittMiiil<m oells ^otklttet xiftn^^eooat tsAiiis'a 

pft^fKted^ bjr tl^ <S) tfae latetavnite scfrv«4<^ ctfengtfaea 

tlie twndllw )kM the plant Tfae lillowing «elHMdb%«n an^ of ttie 
main itenatUaenta ot the baad^ i. 
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The Primaiy tissue of ft Dicot wot may be seen in 
* cro88*seotion of a young root- 1 he three primai'y tiesuess the 
epideimisi the oortext and the stele are derived from the 
three pnmary meristems as in the stem. But^the epidermis 
here is not a protective layer as in the stem; it is an 
aheorbittg tissuei ar d is often called the ^pibkm^ The cells 
contain a thick lining layer of protoplasm. Their walls are of 
thin eellnlose membrane and readily absorb water from the 

H ' 

soiL Hbre aiid. there cells »re di'ftwn out into long tubes 
called root*bmr|»henc6 the layer it also called the pili/frou^ hj^tr 
(see fig. a05). The root-hairs serve to uicrease the absorb» 
Ing surface of the root. The epibleitt is only short-lived. 
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It ptnirta m# in ^ ;oung i^> at tiie re^on the ttJiiM* 
hsira ; endl b » the root elongetea the older die ^ «e 

new onea ere formed towarde fAe tipi and so tlhe^4(]ihl^ <ia 

fc I’lK 

torn away ia ihe older part of the toot. 



Fig, 304. Traneverfie eeotion root ot the Bean ehowing origin 
iOf lateral root from the perioycle, cl tbe primary merigtem of the 
cmbryo-iootlet; c, cndodeiiniB ; m, ctwral parencbyma, ph, phloem ; 
X, xylem. 

Below the epiblem is the zone of coi^ex. The cells, like 
those of the epiblem, have thin cellulose walls lined by 
protoplasm. In the outer layers the cells are in close contact 
but intercellular spaces are present more internally. In the 
older of the root, a little away from the region of root- 
hairs, the outermost layer of the ooi’tex continues for some¬ 
time to produce hairs foj' a]>sorption and thus becomes pilifer 
OU8. But this too is short-lived, the outer cells are torn away 
as the root pierces the soil, and then the cortex forms on the 
^outside a firm layer of cells which acts Hhe the root-ef^idermis 
and is o^led the exodermis. It may also become suberised 
aird. foinn a continuous piotective layer impervious to 








V tBHCAtlF ^oot m 

w«|iar. iram the oovkox gswIiwHy 


eneioM b^Ciic iatero«|}«ybr 
■poocB. ^Tbe^inaeniiort layer of ^6v m«(ikif, that wMoh 



F4jt, 305. CroaS'^ectioQ of a Qras«-root (oso-toortb)—only four 
xyletn and with them alternating four phloem bnndlea (b) are shoira.— 
Ex, exodermia; pi. piliferons layer ; rh, root hairs; 0, ooitox"; B, 
endodermis; B, the medulla. 

immediately surrounds the stele, is a very prominent 
feature of the robt; it is called the ei|do<]e)nmie. It forms 
a siltgle layer of close'paoked oells whioh shut off theeenduot^ 
ing tissues of the stele from the air-oontaining cojtieyi^ It is 
used for the storage of food and aets as a ntitritipe l^er in the 
formation of roots. In the oldor part of tho ifte 
outer oortaoal layers are more and mors es^oUated m oonse- 

‘I r . * ^ 

quenoe pf growth In tfaiokness of t^e root» and'^n the oells of * 
tlie endoderm dirido to form the hark orneoirkyeoyering for 
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tbe root, l^e ondo^r^tft {onHui^^'4^ llliior 
cortex It n often ^isiangnufi^i nn* 4 
sheath atound l^e stele. './ • < ' ^ 

Hm ata4e oonsirts of a sont on the oiriwdn 

I ' ’ '. 

atid the bandies ; the pHh u often absent. reston k 
th^ the stslo of the root is developed eea/KjMrfel^. toyvptde 
the oentre or ^e axis, and not centrifugal^ ot away frtMn 
the axis as in tiie stem. The steni most be rigid mud iiimst 
be oapahle of resisting bending stiass* and hraoe' the haider 
tissue be placed near the eireumferwoe, as ^ bar away 
from the oMitre as poadble, leavitig a soft parenehyna or 
pidi in thp oentre. The root, on the eoidirary* niaat 
bend continmlly this way and that and seek sources of 
moisture in the soil; it must be flexible, and so the harder 
tisaaee (xylem) of the stele are formed,^towards the oentre. 
This arrangement gives the necessary degree of flexibility 

^ I ^ ^ 

to the root. The pericyole enoirding die bundles forms 
a thin layer of parenchyma, often a single layer of cells, 
which is chiefly concerned with the prodnctioii of lateral 
roots (fig. S04). 

The bundles - of the root are arranged in a ring as in a 
Dioot stem, bat-they are very different from those of the 
stem. The xylem and .phloem lie not one behind the other, 
on the same radial line as in the stem, but sidewise on two 
different rad! of the root. Heniw they' are called radial 
bundles (as opposed to the collltoiu] bondfos of the stem), 
the xylem and phloem forming separate "^^i^rands radially 
disposed and alternating with each (figs, fl04, 

The xylem portions form separate' radid plates all^rtMt’ 
ing with an equal number of isolated strips of phlbeiii^ 
The number df xylem “ it^s ^ tor an^s) Is typl^ly 
threp,. ftmr, rarely more : 'ihey ofhen meat in the iHttitau 
leaviiili; no pHh (fig.'* 306). Each xyl^'^Nhr begihs ’ diffaipwr 



Irpm' below the fNsrIoyolh ind advi^ceiiiibwf^ds 
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ooatre, ao that; tha pronosyiatn olemonts (fig. 303) Ua 
naar the pariofole and the mataxfiam Itea innermost tovrardi 
the axis. The primary bundle of the root thoa derelops 

i.a., from the outside toerarda the oentre. This 
is just the opposite of what occurs in the stem where the 



Fig, 306. CroBs< 4 eotion of a young Dioot root—diar&fa or two*rayed. 
B, endodermis ; rr.z, protoxylem ; Ph, phloem ; ca, cambium ; Z, xylem ; 
PC, pericycle ; Oo, cortex. 

bundle develops etmtri-fugalljf (see p. 232). The xylem and 
phloem consist chiefly of vessels and oonduoting parenchyma. 
Mechanical cells such as bast fibres, wood fibres* and 
sclerenchyma are not formed in the root. 

The Monocot root differs from the above nminly 
in the presence of (l) a .larger pith* and (2) a miM^ larger 
number of bundles. The xylem rays of a Monocot root do 
not meet in the 'imptre. It. should be noted that the 
bundles are the Monocot stem, but io the root 

they flure arranged in a ring as in Dioote; farther there hi op 

---- 
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eiidodermis in the Moiiooot stem, while it is always pi’osent 
ill all roots—Moiiocot or Dioob, and vary prominently in 
Monooots. 

Monocot roots do not generally grow in thickness like 
Dioot roots, uid hoiico the ondodorrais is never ruptured. 
It is v''*'0'5«'it as i\ very firm layer even in old roots, and then 
its railial and inner w dU aiM very strongly thickened (sea 
fig. iiOo). The cortex also is not exfoliated as in Dioot 
roots but in older parts which have shed their root-hairs 



Fig. 307'. Ciona-Boolion o£ a Moaocot root (polyaich or many-rayed) 
—showing the radial bundlrs, the thick-walled endodermia a, and the 
pith m } uh, the phloem ; g, the metaxylem ; p, the proto^ylem ; a, the 
endoderiHiB; pc, pericycle. 


the outwinost layer of cortical coUb become converted into 
a pr^^HSetive layer of thick-walled cells called the exodennis 
(fig, 806 ). 









DIOOT LEAi*’ 2S6 


Origin of aecondaiy root& —Braticlies of the root take 
l^eir origin from the perioycle of the parent root. The cells 
of the perioycle just opposite a xylom plate> or between the 
xylem and phloem strands, divide and foi'm a small mass of 
menstem which gradually protrudes out (as shown in fig. SO 4) 
and grows and differentiates like the primary moristem of the 
root as described on p. 209. The small root must break its 
way through the whole thickness of the primai 7 ooitex of the 
parent root (fig. 304). Thus secondary roots have an endiigemits 
origin. And as they first arise just in front of, or on the two 
sides of each xylem ray of the parent root, their number js 
either equal to or double the number of bundles present in 
the parent. Outside they form straight rows on the main 
root, equidistant from one another, or in pairs of rows, 
accordingly as they arise opposite to or on the two sides of 
the xylem plates. When well-developed the xylem and 
phloem portions of the main and the branch roots arc joined 
together. 


The Dicot leaf in cross-section shows the thioc primaly 
tissues, C{iidormal, cortical and vascular, specially modified 
in a manner characteristic of the leaf. The epidermis forms, 
as in tho stem, a continuous layer of close-packed cells, 
rectangular in cross-section (fig. 308). but it is specially 
characterised by certain pores or intertellulai' spaces (S) 
called stomata. The outei' cell-wall is thickened to foim a 


cuticle and baiia may Vie developed in addition. 'J'hc stomata 
are developed more on tho lower surface of tho leaf while 
the upper surface which is exposed to tho sun has a tendency 
to develop a thicker cuticle or cutinised hairs. The cortical 
region of the loaf consists wholly of parenchyma filled with 
chloroplasts and is honco a chlorenchyma. This is commonly 
called the mesophyll. It consists of two distinct parts, m., 
(1) the palisade parenchy^na and (2) tho spongy panuchynin. 
In the JK)rmal leaf which is dvrsi-ventraly with its two surfaces 
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fwatig tb« sky and aartk respetittvely, th« ^kade tksue 
ooottlQeis tilie upper part directly 'b^ir the upper epldermia* 



Fig. 308. DiagrammAtlc crosB^section of a Jeaf^ .the epideraif 
with the coticle on Ihe ont$ide. P, the palisade parenchyma, 8p, 
Bponffy parenchyma. The elliptical structure in the centre ia a bundle 
surrounded by the bundle-sheath containing starch, 

and the spongy parenchyma the lower portion of the meso* 
pfayll. The palisade parenchyma consists of rectangular cells 
elongated at right angles to the surface, and packed closely in 
rows so as to leave little intercellular spaces ( P). The spongy 
mMophyll (Sp.) consists of cells irregular in outline and vetjir 

P 

loosely (»nnected> so that large intercellular spaces are left. 

Larger cavities called respiratwy cavitiee (B), occur below the 

stomata. The palisade tissue is the assimilating tissue of the 

plant; the spongy tissue constitutes the ventilating system 

of the leaf) the intercellhlar spaces of the leaf oommanicattng 

with the mr through the respiratoiry cavities and stomata. 

Tbs d^lM^nifistioii of the msraphyR into an opper palisade atul a 
oweriqpeiigy titsoe is doe to the diffemnos in.oxpossaw to light. The 
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upiwr .direct light whieh peiuttrstM the k«f to » oortftbi 

extent ABd MWe bested tfasn the lower |»tt. OonwqnieBity 

the oelli of thO.'ipf^r bihK of the meeophjrll are to formed that they 
absorb all the' aealhihiw anoaat trf ssnbght iwneirstlilg the leaf by 
being at oon^^sot poMibte. The ofaloroplstta ptaee tbemadree in 
line with the Ij^ht' hiye |Ke fig« 308 p). The lower p<wtieB of the 
iDete$>hyil zmeloee only the light whieb is not absorbed fay ,the upper, 
and flnee thia ..ia almeM negligible, the nnmber fihloroi^aete in the 
spongy eell^ ia neyer large, Thie iaflaence of lig^t is bmdi seen in etui* 
ieavat' and ^i^ade-laawat. Itt many plants whirdi Mre in opm snnny 
places the palisade it very - pronennoed, ooeapying more than half the 
meeopbyll; either the eel Is are very long, or the palhMde tissne its^. 
is made np of two or more tiers. The spongy tfsene is correspondingly 
less developed. On the contrary in shade plants the palisade ia iiht 
very oonspienons, neither are the cells so'long, and ihe spongy tistne 
makes np the major portion of the mesophyll. It is for this that iSsB 
foliage of shade plants is far more tender and soft than that of plaali 
which live in the open. 8an*leaves are thicker, for tfae^'praotically. 
absorb all the light that fall on tlwin : they have a thfi^ paliaade. 
Shade>leaves fwe thinner and greatly expanded, for they have oidy digsse 
light to absorb and for this a greater snrfhoe mnst be exposed. 

The vascular bundles of leaves are repeatedly dividedi 
for evet y pait must have water oarried to it. The repeated 
division and reticulate nrrangetnent of the veins also serve 
to support the greatly expanded tender parenchyma of the 
leaf. £^h bundle has its xylem turned totiyards the upper 
surface, pouring its water to the heat and light-absorbing 
and assimilating cells of the palisade, and hlte phloem near 
the spongy parenchyma. The naechanical cells are mosdy 
absent. The xylem consists mainly of spiral vessels and 


tracheides; the phloem of sieve-tubes ai»d companion cells. 
The nerve-ends ' or the smidl veinlets are still furUier 

k 

reduced, there being only a few spiral vessela surrounded by a 
conducting pareuah 3 rma, and no trace of Uie 'tddoem dements. 
The larger bundlbs are surrounded by a shmth of paren¬ 
chyma, called the aondudwg sheath, which conduets the 
carbohydrates, the xylem carrying and the phlrwm 

<^y the slbruBiiHma motels. 
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The structure of a Monocot leaf sgreea iu the main 
with that of a Dicot. In fact all dorsi'ventral leavesi i.e., 
those presenting their two faces to the earth and the sky res* 
pecti\rely, have (1) an upper and a lower epidermis with an 



Fig. 309. CroBS-Bcctioa of a vertical Giash-lcaf. 
external cuticle and stomata mostly on the lower side, (2) a 
mesophyll differentiated into the upper palisade parenchyma 
and the lower spongy parenchyma, and (3) the vascular 
bundles traversing the mesophyll. In the leaf of a Monocot, 
however, the bundles are characterised by a thick scleren- 
chyma sheath, (fig. as in those of the stem. Some¬ 

times the fibrous tissue (sclerenchyma) .surrounding the xylem 
and phloem extends to the upper and lower epidermis and 
the bundles thus act as struts or girders supporting the 
soft tissue of the mesophjil. In many oases strings of 
sclerenchyma (S) run just below the epidermis, often 
parallel to the bundles, and give the necessary mechanical 
rigidity. In such leaves, as those of Grasses, Lilies and 
other Monocots, which are not dorsi-ventral but more or less 
vertical, the mesophyll is not differentiated into an upper 

palisade and a lower spongy tissue, as in ordinal^ leaves. 

% 

In these vei-tical leaves the epidermis on both sides shows 
similar structure, both hearing stomata, and the mesophyll 
has a middle spongy tissue bounded on both sides by a 
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y;tlisacle, as shown in fig. 309. Suoh leavda are hence said to 
be isolateral. The veins of a Monooot leaf run in parallel line ; 
they can not support the ample parenchyma of the large lamina 
and so the solerenchyma strings are developed just below 
the epidermis to give support. Each bundle contains an upper 
xylam and a lower phloem, is surrounded by the solerenchyma, 
and the whole enveloped in a parenchymatous bundle-sheath 
(fig. .309 F) which conducts the carbohydrate matters. 



K'ig. 310, Surfac.'^view of the ejmlermis of a leaf showing storaata S. 

The epidermis, as has been seen, is a continuous layer 
of cells covering all young organs. It is differently fomed 
at different parts. The root-epidermis or the epiblem is an 
absorbing tissue ; it produces root-hairs and is soon lost and 
replaced by the exodermis. The epidermis of the stem and 
leaf is a protective layer producing the cuticle and hairs on the 
outside and also possesses the ventilating pbres called stomata. 

The stomata {ting, stoma) are holes or openings in the 
epidermis. They are special intercellular spaces between 
opi'tain ceils of the epidermis, called guard cells, which 
regulate the opening. Below the opening occurs an empty 
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Mr Bpaoe, called nspiraforp cacity (p. 236). The guard'oelle 
are elliptical or lomewhst cylindrical oelU, bent in euoh 
{aahion thi^ they join broadly at t^e ends bat are free at the 
middle as shown in fig. 31 OS, In sarfaoe riew each stoma 
looks like the human eye. The walls of the guard-oells are 
thlokenedt except that wbich joins each to the epidermal 
cells (fig. 308) so that Uiey can move as if on a hinge. Quard- 
cells are always living cells fall of chloroplaats and starch 
grains, and in this they differ from the epidermal cells 
generally, for the latter are often dead and empty. 

The function of a stoma is to permit the entrance and 
exit of air into the plant; it also serves as the passage 
through which the plant gives awpy to the air the excess of 
water which it contains in the form of aqueous vapour. But 
this egress and ingress of gases must neither be too rapid 
nor too slow, i^., must be controlled according to the require* 
ments of the plant. The function of the guard-cells is to 
regulate the opening or the diameter of the stoma. They 
move so as to narrow or widen the stoma, aitd this move¬ 
ment is regulated by light, humidity, and air-currents. As 
a rule stomata open in strong light and close in weak light. 
The gnard-cells are very sensitive to different intensities 
of light, and they open just as much as is necessary for the 
plant under a certain degree of illumination. During the day 
the stomata arc open more or less ; at night they are closed, 
the guard-cells falling like eyelids. 

StoaaM oocar in green parts of plants, but they are most 
abundant in leaves. In ordinary leaves which spread flat or 
borieontally (dorsi*ventral lei-ives), they are more abundant in the 
lower epidermis, while in vertical leaves, such as those of many Orasses, 
they ooonr equally distributed on both snrfacea In firm, boriaontal, 
shiny leaves, such as those of Banyans, Mango, etc. they ooonr only on 
the lower surface while the upper surface has a very thick entiele with 
or without a waxy coat or bloom. They are absent from submerged or 
. aadergronnd (scale) leaves In floating leaves, such as those of Watlr' 
lily, l«tos, etc, they ooour on the upper snrfsoe Sloqe, 
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SECONDARY TISSUES. 
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G'o%ytli in ttuckaess o( Dicot vtem- —Soon j^ter the 
oompletien of the primary tiaauea of e Pttml pev^ 

tissues called secondary tissues make theit«ppearai|Ofl. They 
fire formed by secondary meristems whieh deydop in the 
parenchyma as a result of the continued aetiylty of the 
cambium. The ofunbium belonging to the bundle is tlfh 
primary cambium ; it is called the faideuhr cambium (from 

V 

fascicle^ak bundle). Its cells divide’ rapidly and the new 
cells cut off continuously towards the zylem and phloem 

s 

sides become eventually transformed into newer elements of 
the xylem and phloem respectively,' Thus the mass of the 
vascular wedge is gradually increased. A new cambium 
soon arises 'in the medullary rays. The atrips of the 
primary medullary rays lying between the oambium tissues 

of successive bundles begin to divide their cells and thus 

* 

assume a meristematic character. Thus arises the secondary 
meristem in the stele forming short strips called IsUgr- 
faseicular cambium layers which join the cambium of Ihe 
bundles And so form a oomplete cambium ring (fig. 311 B). 
The latter is thus composed of two distinct meristems-’-^ 
the fasciouUr oambium is the primary, while the inter*- 
fascicular cambium is secondary in origin. This t&mbtum 
ring outs off cells both iiiside and outside; those cut off 
inside towai-ds the zylem go to fonn the seoondary zylem 
or wood, while those produced on tbe outside beeopie 
developed as secondary phloem oi^4>aet. 

Hie fsMBctcttlar cambium proi|Qioos:,(1) secondary zylem 
tissues on the inside, (2) secondary, |fidoem tsssues on the 
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»outeide» vrhiU (3) at certain points living parenchyma cells 
are cut off which are not either xylem or phloem but form 
radial plates of paretiohyma. In fig. 311 C such plates are 

^ & A 




F»g 3l 1. Diagrams shovving secondary growth in thickness. 

A,—the primary* stem with the primary tissues; B, cortex; 5f, 
meduila ; x, xyiem and p, phloem B.—primary stem (older) beginning 
to form secondaiy tissaes; fc, Fascicular and ic, inter-fascicolar oam- 
bium joining to form the continuous cambium ring. C.—The upper 
half shows the secondary tissues formed from the eambiam-ring ; x, x* 
the proto-xylcm elements forming the medullary sheath (y); fh, 
seCon^ry wood ; p, secondary baat ; b,b,b, primary phloem ; ifh, ifp, arc 
wood atwi bast formed by the catnbium ring. 
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shown as dark linos or rays traversing the bundloi now 
augmented by the secondary xylem and phloem. These 
rays are termed the secondary medullary rays. They 
serve to supply the ihner tissues of the bundle with plastic 
matters formed in the oortexi and also to carry water to 
the outer cortex from the xylemi thus placing all the tissues 
in communication. 

The Inter- fsmcicular cambium at 6rst prepares new 
secondary bundles in the primary medullary rays running 
between the primary bundles. In a short time many such 
secondary bundles are formed and soon the whole system of 
vascular tissues becomes a compact ring and then there is 
no difference in the action of the fascicular and inter¬ 
fascicular cambiums. In a «grown up Dicot stem this 
vascular ring appears split up into numerous thin wedges, 
as shown in hg. 311 C. separated from one another by 
thin strips of the secondary medullary rays. The first 
formed primary bundles at this stage and afterwards arc 
driven into the central pith by this growing ring of wood 
and then appear to form a sheath round it, termed the 
Medullary Sheath. 

Elements of secondary growth—The tissues which 
comprise the secondary xylem or wood of Dicots are 
wide trachcidcs with bordered pits, (2) wide vesselal^ 
trachesB which are usually of the reticulate or pitted type, 
(3) wood-fibres or elongated fibrous tracheides, and (4) wood 
parenchyma. On the whole these elements arc bigger than 
those produced in the primary bundle. Those which 
constitute the secondaiy phloem or bast are :—0) sieve- 
tubes with companion cells, and (2) bast fibres or elongated 
sclerenchyma cells, and (3) bast parenchyma or small thin- 
walled living cells. The sclerenohymatous bast fibres form 
wbat is commonly known as the hard hast, as distinguished 
from the sieve-tubes and companion cells which form ibe 
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soft hast. Besides these secondary tissues the osmMunt 
ring also produces the radial plates of parefiohyiiia'-^lite 
secondary medullary rays. 

In Pines secondary growth t&kes plane exactly as in 
Dicots but the whole moss of secondary wood consists of Tau* 
iortr and fibrous traoheides with bordered or scalariform pits. 
True Tessels or traches are not developed. The secondary 
medullary rays consist not of small-celled parenchyma as 
in Dicots but mainly of radially placed tracbeides. The 
secondary phloem has no companion cells but only sieve- 
tubes and bast parenchyma. 

Annual rings.—The activity of the cambium ring 
depends upon the season of the year. In spring, the period 
of active vegetation, the roots absorb a large quantity of 
water from the soil and the leaves evaporate a corresponding 
quantity. Consequently tbo secondary wood produced by ttie 
cambium in spring consists of very wide vessels or tracbee. 
These wide xylem tissues are better adapted for a rapid and 
long-distanced transport of water. They form the Sprinff- 

A 

Wood. Late in the-winter of the same year the cambium is 
less active, is sometimes entirely dormant. This is the- 
period of least vegetative activity, Leaves fall and buds 
remain dormant. Nor is there much water in the soil, and 
the roots arc not so actively absorbing water. The elements 
which are added to the wood by the cambium at this period 
are not wide because they are not much required to conduct a 
large volume of water : they are hence fibrous tracbeides and 
dense close-packed parenchyma, or at most bordered-pitted 
tracbeides. All these tissues are dense and stand out in 
sharp contrast to the looser wider elements of the spring 
wood, and form what is called the late or autumn iwod. Thus 
in each year there is produced two layers of xylem tiendes, 
one lormed during autumn or wijiter consisting of denser 
Btqitner elements, and the other formed daring the spring eon^ 
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aiititif ol wider asd Ixigger d^enli. !q a «tmn eereta^ 
oM ik(Me ieyeni regdlaHy alternate and form oonoeatrio rin^ 
nailed annual linga, 

In a >er^ tJblek stem or tlie ^runk of a tree t^e 

geiterail/ diet and ceaaes 
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inner older part of the Wi 
funotioaitig a« the water oondacting tiaene; it beemnea 
harder firmer than the outer part, mid usually beoomet 
distinctidy coloured hy rarious matters, snob as Annins* 
gums. It is then called the duramen or Keast*wood In 
contrast to the alburnum or the eap'wood—the still active* 
soft, and light^loured later aimudi additions. The inner 

layers of the aibumum graduslly 
traiisfonn into those of the duramen 
as years pass on. The cells of the 
durmneii are protected by. resinous 
matteie with which they are filled. 
It is the presence of these coloured 
and resinous substances that imparts 
to the wood its ‘ timber . value.’ In 
some Dicot plants, however, the 
duramen though dead is not coloured 
or filled with any gummy matter. 
Such wood is vary soft and prone to decay, and has really 
no timber value (e.g. Sajina), while again in others there 
is no formation of the duramen, the whole wood being 
living. This is known as the splint-wood. 



Fig. SIS. Ct-OBS'BCC- 
tion of a thick Mango 
stem showing annual 
lings X 10. 


Secondary growth in ^ roots. — koots of Dicots and 
Pines usually grow in tluCKoess like their stems. The 
bundles of the root are radial and have at first no camlnum. 
Gradually the part of the stelar parenchyma lying inside the 
phloem strands become meristematic by jponstantly dividing 
their cells, and eventually form a oontiouous layer of cambium. 
This, US shown in fig. 313 C, i^.aii first sinuous, tbs separate 
pi|inbium layers originating inside the phloem being united 
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behind the xyietn strande. This oambiuin tissue differs froin 
that of the stem in being entirely secondary; here is no 
distinction between the fascicular and the inter'^fascicular 
portions. But like the caiiibium*riDg of the stem the 
sinuous oambiuin layer of the root produces secondary 
bundles just in front of the primary phloem as shown in 
ig, SI 4* The secondary phloem or the bast (B) lies in 
contact with the primary (P), but the secondary xylem (W) 
has no connection with the primary xylem (X). Gradually 
as growth goes on the cambium looses its sinuous contour 
and becomes straightened out into a ring. Greater activity in 
the cambium gives rise to a complete ring of wood exactly 
like that in the stem^ and the piimaiy xylem strands are more 


Fig. 313. 





Fjg, Si 3. Young Dicot jooi bhowing secondary growth. K, the 
cortex ; V, a phloem bundle ; 0, the sinuous cambium iormed in front 
of the four phloem bundles ; X, the primary xylem bundles (four). 

Fig. 314, Old Dicot loot. K, the secoiidary cortex ; P, the primary 
phloem; B, the secondary phloem :■ W, the secondary xylem formed 
from the cambium C ; X, the primary xylem. 

and more pushed towards the centre, if they have not 
already met there as shown in fig. 314. The further growth 
of this cambium and its products takes place exactly ns in 
the steiUi so that a cross-section of an old root in which 
secondary growth has continued for some years can hardly 
be dlttinguished from that of a stem. But in the stein 
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tbere is al^ys a pith, the bandies being developed o6ntri* 
fagally, while in a root the primary xylem tissues are in^ the 
centre in the form of separate rays or plates. Farther the 
wood of the root is softer and more uniform than that in 
the stem. For, olimatio rariations whioh give rise to the 
annual rings of the stem do not much affeot the root, and 
hence annual rings or a hard duramen is hardly present. 
It is for this that the wood of the root is useless as timber. 
Tt is soft and easily rots away. 



Fig, 315. Part of a cross-section of the stem of .Dracaena, e, 
epidermis ; k, phellogen ; r, cortex ; b, a leaf-trace ; x, the oambium 
ring forming secondary bundles g; m, ground tissue of the steie. 

The cortex of the root is gradually exfoliated as the root 
grows in thickness (fig. SU). The endodermis is gradually 
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atratohed more and more, and if eotm AOork'eMntdo^ - 

(p. 249) vhioh by active divtaioo of ita oelli fottDS » prbtor 
tave layer of cork or bark on the ontsid^ taA a MM^ondhry 
puenohymatoiiB cortex on the insule (see b<dOer), . 

In Monocots there is no secondary tiiiekening fa^^asme 
there >s no cambium (p> 227). ^ In Palma the mrimaty 
meriatem is considerably enlarged and henee the edumnar 
form of the stem. The thickness of Padm stems is duo enti¬ 
rely to the continued expansion of iwreuchyma cells alrm^dy 
existing in the vide etele. 


Secondary thickening is known in only a few Monooots, 
sudt as Dracaena (Khun*kharapi), Yucca, and Aloe. The 
ground tissue immediately surrounding the stele begins to 

divide its cells, and so a new cambium is formed. In this are 

* 

formed separate closed bundlest as shown in fig» 316. 


SECONDARY DERMAL OR SKIN-TISSUES. 


Cork and Bark—When the stem begins to increase in 
thickness the epidermis no longer affords suflUcient protec¬ 
tion. For, in the first place, the epidermis is after all a 
delicate layer and is not consequently well-fitted for the 
protection of bulky organs, and 'secondly, as it is not much 

i 

capable of subsequent growth it becomes soon ruptured and 
torn by the increasing growth in thickness of the stem. 
Hence when old the epidermis is replaced by a stronger 
dermal i^ue or skin called the periderm or the cork- 


tissue. On the stem and the root it is fqmed soon after the 
secondary growth in thteknese has Teached a certain t^e. 
The commencement of its formafaoo is indicated by small 
brovn patchy on the surface of the sti^ which graduidly 
loses its green colour, becomes pale and finally is eove^ 


by a laown layer. 

pearidarm is deriveef from a 
aiii^^iov the epidermis* oallecf ^e phello^gpn- or 


.paiilNit 


r- i* 
•'V 
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Cambiam. Thn oomdibi of a layer of (tbia-wri^ed, nsiall 
(fig. 316) aoi>ively dividing e^le with abundant firoto* 
plosmie oontante. The cells by division produce radial royrs 
of cells of which the outermost cells a{« more and more 
suberised and converted into dead iitfpervioos oork-cells. 
The cells cut off on the inside, towards the cortex/ however 
retain their protoplaem, become enlarged, and so oom^ihitliB 


Kpidcrmifi raptareii. 

r 

Olti cork cells o( Lhe first j 
periderm together with . ^ 
cortical cells, I 


f 

New cork cells out off 
on the outside by th« ^ 
new phellogen below. | 


Phellogen dividing its cells. ^ 


Pbelloderm or secondary 
cortex together with 
scIereDohyma fibres in 
the ianor cortex. 



Fig. 316. Formation ot Cork, Periderm and Bark. 


a seoondnry oor^x called pKelloderraa The plieUogen 
sooner or later ceases to dividei mnd ^nelt becomes convertied 
into ootk. The pmdemi is tiie name given to the tisstsea 
which originate from the phellogen. It hidiides dork on the: 
, otttside and the living aeoondary oortext of pbeUoderm on 
the* inside. 
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Tbeoollft comprising tbe oorlc tlwttd art dtrafs dead' 
and gencraHy contain only' air. They have a square dr 
tabular shape and fit closely together without intorodhilar 
spaces. The walls are thoroughly suberised and may be 
extremely thick. This mikes the layer impervious to ~water$ 
s^that loss of water is prevented and the inner cortical 
tissue IS well-protected from injuries, especially from the 
attack of fungal parasites. The cavities of older, thicker 

cork-cells are filled with yellow or brown substances (tannins 
and other waste matters).* 


In many woody plants the phellogen arises at a greater 
depth from the surface, in a deep-seated layer of the cortex. 
The cork-cells formed on the outside of this phellogen being 
impervious to water, they cut off all the other outer tissues 
from water-supply. These outer cortical cells consequently 
soon die and dry up, and together with the oork-tissue cons¬ 
titute the thick structure known commonly as the bark. 

Bwk is a very complex dermal tissue. A typical bark 
comprises, in addition to corky layers, a variety of tissues 
which originally belonged to the cortex, phelloderm, or even 
the bast of the phloem. The first formed phellogen generally 
ceases its activity after a short time U it is soon closed A 
second deeper lying phellogen is however soon formed to 
keep pace with the increasing growth in thickness which may 
rupture the first formed periderm. After a time this new 
phellogen also closes and between the two periderm layers 
is enclosed a strip of the living cortex which, however, «oon 
dies owing to want of water and food supply. Deeper still 
athird.pheUogen arises some time after, and in this way 
a. phellogen may spring even in the outer parenchyma of 
the phloem. All tissues lying outside the innermost layer 
of cork pr(^uo«d by the innermost layer of the phellogen 
eventually die and constitute the bark. The outer <t»ad 

cells become filled with vai^us dewimposition pioduots and . 




Mxeli wairfw m iUltslouts, Tfae» bowtver 

presenre tbo bark Irotii the aetioii of deidpusfciTe agapeiM*' 

The bark* of a plant oomea off in thieli^or thin aoalea or 
ringa. Sometimea it can be peeled^dff like a abeet of paper, 
as in the ^nii^^atra tree {JSIekiintea leu^miroh). 

Lentice]e.'<^Aa the epidermie ia gradually replaced by,t||^ 
periderm so the stomata are replaced by Imticels or cotiintal 
poret. They are holes in the periderm. They serve to 
maintain the gaseous interchange between the outride air 
and the gases present in the intercellular spaces of the plant. 
They form yellow or brown specks on branches going to form' 
the periderml Each lentioel takes its origin from a special 
phellogen layer formed directly under a stoma (fig. St7). 
This phellogen does not cut off cork cells but certain loose 



Fig. 317. Formation of Lenticci, 1. the mptnrod ^pklertniB ; 2. 
the phellogen giving riec to the loose cells that pack up the opening ; 3. 
cortical cells. 

roundish pells, called complementary cells, which are 
distinguished in having intercellular spaces between them. 
The complementary cells press the epidermis outwards, 
finally rupture it, and then sligl Uy budge out. But the loose 
cells of ^e complementary tissue are prevented from fallii^ 
to pieces by firmly united layers of cells, called dodng layef^ 
which the phellogen produces in addition from time to 
time. This lentioeHorming phellogen is connected laterally 

If 

to the ordUtary phellogen of the periderm. 
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Fall of leaves:—tieavea are periodioally 6hed speoiany 
in diose regions where a long hot and dry period follows 
the short rainy soMon, and also where the winter ie very 
cold and stops vegetative aotivity. In snoh places old leaves 
a^) shed annually and new ones are formed in the spring* 
But in districts where the climatic changes are not severe 
old leaves simply dry up and decay, the jdants being 
never bereft of leaves at any time. Such plants are said 
to be evtrgreens. Herbaceous plants do not shed their 
leaves. The phenomenon of ‘ leaf-falls ’ is characteristic of 
ceriain deciduous woody trees alone (Shajina, Banyans, Silk- 
cotton trees etc.) When the north wind begins to blow 
and winter approaches the leaves begin to change colour, 
shiver in the cold air and then fall. The separation is 
brought about hy the formation of a tissue, termed the layer 
of separation or the absciss layer, at the base of the petiole 
shortly before the leaf-fall. This tissue consists of a paren- < 
chyma the walls of which easily separate by the conversion 
of the primary layer into a mucilaginous matter. As it 
attaitis maturity the tracheal elements are narrowed, the 
parenchymatous ground tissue surrounding the vascular 
tissues becomes all changed into the cells of the separation 
layer, and then the most trifling cause will split up its 
loosely held cells. The absciss layer cuts off the parenchyma 
of the petiole 4rom its base and then the slightest wind 
can break the shrivelled xylem by which the loaf hangs. 

THE COUERE OF VASCULAR BUNDLES. 

Bundles that pertain strictly to the stem being differen¬ 
tiated in the terminal bud, and grow along with it, are 
called cauline bundles. And bundles that originate at the 
nodes and grow out horizontaMy or obliquely to the leaves 
and vertically down into tbeatim are called leaf-trace bundles 
or common bmdlet, because they are common to the etem 
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and tbe leaf. The bondle-eystem 

plants k generally composed of leaf tnMMM iSht^ GuMa^ 
bundles are found in Fern-like pknts. ‘ - ^ 

In Dioota generally all the primary bttn^Ses' 
bundles. From each node they bulge 
rudiment and inwards towards the c^fs dl 
They then pursue a direction dowtiuratii 
sides of the stem, pass down through more tAra; VljW^ Itiftnr 
node, and are arranged equidistant from tiie eeatririj^ 
section the characteristic ring-Wet arrangement l> . tikk 
observed. The bundles that proceed from the leaymi at;^^ 
particular node insert themselves to those that rtia iiuth ll^ 
lower ones, and in this way the form of the ilng Is maints^n^ 
ed. In a few Dicots the bundijss follow a different oburse. 
Thus, in the Cucumber family the bundles though all 
common are arranged in ivxi rings (fig. 319) ; some form the 
Oldinary typical ring, while a few others bend more towards 
the centre and form a second irregular ring. 

In Monooots too the bundles are common ; in tbe stem 
they arc never in a ring (as in Dicots) but scattered. In 
Grasses the bundles occupy only the peripheral part of the 
the ground tissue a. d the central pai-t becomes hollow. In 
Palms, on the other band, tbe bundles are scattered over the 
whole fundamental tissue even in the centre (see fig. 302). 
The bundles of Palms are common. From the insertion of 
each loaf a number of bundles pass down the stem bending 
considerably inwards towards the centre, descend through 
several internodes, and finally curve out towards the 
periphery, there to unite with otber leaf-traces. Thus in 
a transverse section of a palm-stem, the outer part lAe 
gi'Qund tissue is crowded with bundles which become fewer 
in number towards the centre. 

V 

In roots tbe xylem aiid the phloem form separate, strands 
(see radial bundles p. 232). A bundle passing through the 
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stem to tibe root becomes not oi^ split u p itito its iWQ 
ports otyleai aod phloem, as soon as it enters into the re£^ 
of the root, but bach xylem stmnil becomes at tbe saioe* 
time twisted through an angle of 180*, so that what was the 
inner side of the xylem in the stem becomes now the outer. 
Henoe in roots the protoxylem is nearer the cortex and (he 
metaxylenr faces the centre. 

The xylem and ihloem tissues of a bundle are differently 
arranged in different cases. Accordingly there are various 
kinds of vaaculai bundles.— 

1. Collateral bundles are those u bich have xylem and 
phloem side by side, the xylem facing the centre of the stem 
towards the apex and the phloem on the outer side of the 
xylem. This is the most common type and characterises the 
shoots of Dicots and Monocots generally. A collateral bumUe 



318. CroBs-Bcction of the stem of ^dugiHMa —showiag three 
oogmimtilc handles in the groondf tiesne. In each bundle the centre 
ie ithe dark cells) suirounded by the phloem. 




M8 


^ ‘ I 

. .,r r 

w Mid'^ t>8 (a) optn, wbeo, as M Dteots, i&«r«r is a la/j^ td 
osmbiam separathig the x^lem from t&e phloem, and 
cimsd, wbeo, as tn Mouooots, there is no eambinm. 


2. Bicollateral bundles are those having two etnujidi of 
phloem on the two sides of a centred xylem# t^e three lyiag 
on the same radial line. They ooodr in a few mul^ 
sneh as the Ouoomber (fig. 319) and other plants 
to its family. 


3. Radial bundles characterise all roots. They oonsisl 
of xylem and phloem in separate alternating strands* the 



Fig. 819. Fart of croB8>sectk>u of Coomaber stem showing three 
' bioollatersl bundles. Co, patches of collenohynta in the ooter ooirtex x ; 
S. 8, ring of Bclerenohyma; X, zytem; PI, phloem Y, tracheae 
0, cambiDoa. 
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being towards the outside, not facing the a^ 
oi: centre of tbs etem as in the last two oases. 

4. Concentric bundles or those having, a central phloem 
surrounded by a ring of xylem. or a central xylem surround¬ 
ed' by ph^m, occur rarely in the htger plants but are found 
in tbe ferns. The so called bundles, really steles, of Fern- 
like plants (fig. SIO) have thick plates of xylem in the centre 
surrounded by {d^loem. 


QUESTIONS. 

1. Describe the internal Btructni-e of a young Dioot Bt«*»n. Compare 
It gcnei-ftlly with tbat of a Moaocot. 

0 

18 . Defloribe the anatomy of foliage leavee. 

3e What are Abro-vaecalar bandleB and why arc they bo calleii ? 
Describe'the tissae-elemeatB of the various baadiee found in plants. 

4, Qive an account of the secondary skin tissues of a plant. 

6. Deserige the internal structure of roots. Where and how does 
tliG root grow in tblckness 7 

6. Explain bow plants grow in thickness. What are annual rings 7 
Distinguish between HnasT-wooD, sap-wood and spisIKt-wood. 

7. Write what you know about stomata. Wlutt arc Itsnticeis and 
how are they forntad 7 

8. Why and bow do leaves fall 7 

8. Desci'ibe the oourae of vascular burhiles in the plant, 

10. What and where are the following 7—hypoderma, albornumy 

epiblem, medulla, exodermis, pbelloderni, pblcaoteraia, leaf-trace, bast, 
guanl-oells, absciss layer and periderm. 



PART 111 

PHYSIOLOGY OF PLANTS 




aUPTERXlX 

V 

VITAL FUNCriOie 

4 

.Pfaysioiogy enquires about plaat-funetioiii. Tbeee wet 
mainly (l) Nvirition taid Omirih, (2) iiMpon^sand (S) Ife- 
produetion, A plant grows by absorbing ^and atn^m^aianig lood 
and then after a certun period reproduces itself. Bid; tbeM 
functions are to a great extent influenced by external faotorSi 
suoh as tight and sir. moistness of the atmosphere, imture of * 
the soil and so on. Consequently the infintnet of 
factors on plants, and their behaviour in response to such 
factors, constitute important problems of physiology. 

Germination can not take place unless seeds be moistsoied 
with water, and in the act a large amount of water is taken 
up by the swollen seedlings. Next, the development of the 
seedling can take place only when it is supplied with food- 
matters and of these water is the' most important. It is ab¬ 
sorbed from the soil by the root-hairs, not in a pure state 
but in the state of a very dilute solution, having dissolved 
in it various inorganic matters of the soil. The water 
which saturates the soil always contains a certain percentage 
of the solid constituents of the soil dissolved in it, for, 
of all liquids water is the greatest solvent known. The 
cell-wall of the root-hairs consists simply of cellulose, and it 
is easily permeable to water. The water of the soil thus 
eaaSy goes into the plant. For plants, like animsds, diiok 
mud breathe, but they can not eat solid food for obvious 
reasons. Like animals also they require raw materials for 
their nutrition and these are secured from the soil in the 
form of minerals. These minerals pass into solution, though 
(mly partly, and those that are insoluble in pure water arc 
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dwolved by an aoid which the active root-hura secrete. 
Thus, in point of nutrition, there is this great difference bet* 
ween plants and animals that whereas the former depend 
entirely upon the inorganic matters of the earth, animals live 
only on plants or on plant-eating animals; they are, in a 
sense, parasites on the vegetable kingdom. 

That a part of solid earth is used up by plants is evident 
from the fact that agricultural lands become gradually impo¬ 
verished by long cultivation. It is for this that manures are 
used. It is not difficult to convince oneself that plants take 
in minerals from the soil. A grown-up seedling weighs 
much more than its seed ; this may be explained by the fact 
that it absorbs a large quantity of water. This is precisely 
so, but if we burn the seed and the seedling separately and 
then compai'e the weights of the ash left by them we find 
that the ash of the seedling is much greater. Further, the 
incomparably large volume and weight of solid wood in a 
tree which comes out from a tiny seed, as well as the mass 
c ’ ash which this wood leaves behind when burnt, are con¬ 
vincing proofs that a part of the constituents of the soil 
enters into the structure of a plant. 

The first nutritive function of a plant then is absorption 
of raw food from the soil. This is dune by the root-hairs. 
The next is the conduction of the raw materials to the 
leaves where they are assimilated. The conduction takes 
place through the xylem tissues of a plant, whereas the chlo- 
renchyma is the sole assimilating organ of green plants. By 
assimilation starch, sugars, proteids, and other carbohydrates 
and nitrogenous substances, including pi'otnplasm, are pre¬ 
pared. These plastic products, as they are called, are then 
sent to the growing parts of plants wher^ the protoplasm 
handles them in such a manner that i^owth or the 
formation of new structures takes place. It often happens, 
however, that they cannot be put to any immediate use or 
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that there is a large surplus, sod then thsiy are oouduoted 
to oertaii) places, termed reserrdirs of assimilated matters, 
to be stored temporarily for future use. Thus, in the plant- 
body, there is a constant migmtion of matter—of rav food 
travelling to the assimilatory organs (chlorencfayma of leaves 
and stems), of assimilated food travelling by the phloem and 
the bundle-sheath to the ‘growing poioto of plants, or to the 
reservoirs of food matters. 

Without air there can be no life, no assimilation. Like 
animals plants also must breathe or respire. In the act, oxygen 
is taken in from the atmosphere, the gas passes through the 
stomata and intercellular spaces, a part of the protoplasm 
or of the substances prepared by it is slowly oxidised, and 
Carbon dioxide gas is formed. 'In the case of animals, the air 
is taken into the lungs, the oxygen oxidises a part of the 
blood or matters contained in it, and carbon dioxide gas 
is formed which is given out. Respiration is really a process 
of oxidation whereby heat or energy is given. The burning 
of fuel is a ease of very rapid oxidation and of evolution of 
intense heat. When plants and animals breathe, the oxygen 
of the air they take in slowly burns up a part of their proto¬ 
plasm and such things, and the heat sot free gives energy to 
the whole system. This heat maintains the body-heat of 
both plants and animals alike. Deprived of air plants and 
animals die, for, with the stoppage of respiration, the activity 
of assimilation also stops for want of the necessary energy 
or driving power, and with it the constructive process lead¬ 
ing to growth. 

Like air light is also indispensable to plants. Light acts 
not only as a stimulus to growth but also more directly on the 
chlorophyll-apparatus of plants. Plants turn pale and yellow 
when deprived of light, and if kept long in this state, finally 
die. For, light stimulates the protoplasm to produce obloro- 
phyll and chlorophyll is absolutely necessary for assimilation. 
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R will that all the abore oondiUoas must be Ittl* 

filled beiore there oaa be growth. GtTen afr and light atid 
raw iood'matters there is aMimilation | given asBimllatioii 
and respiration there is growth. But growth implies also 
a certain mmenwit/ of the parts growing. The growing shoot 
pushes its waj^ up into the air> the growing root into the soil; 
both seek regions which they can further exploit for food* 
for conditions ■ necessary for nutrition. Movement* though 
very much restricted in plants, is a cousequeiioe of healthy 
growth ; it is a response to the cal! of external nature which 
in various ways falls upon the plant and disturbs it. It is 
very evident in twining plants, in the coiling of tendrils* in 
the sig-sag couiae of the roots, in the bending of flower* 
stalks, in the opening and closing of flowers, and in the 
leaves and stems of many shade-plants. In a healthy growing 
cell the protoplasm itself is in a state of flux, constantly 
changing the relative position of its particles. New matter 
is constantly flowing into it, and old assimilated or waste 
matters are flowing out; things are continually coming in 
and going out (see circulation and rotation, p. 172). Plant 
organs also are constantly striving to secure for themselves 
the best position. If light be Injurious to an organ it moves 
away from light; if light be indispensable, an organ moves 
towards it. If it be intense and unbearable, the organ 
moves so that the full glare of the sun is avoided. So too, 
with regard to other external factors. Plaut-movements are 
really adaptations to the environment; a response, that 
is to say, to the conditions of' external nature under which 
it must lire. It is this power of response which gives 
the healthy tone to the plant. Life does not consist of mere 
eating, drinking and breathing ; a certain responsiveness, to 
the outer world is as much a part of life as the other 
iout^ioBs. Without it life is irresponsive and without ite 
, fim0t tba(> is, inactive, dull, or in popular language, lifehte,. 
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Id the folbwiDg tobies are eet foitb by ^e the loore 
importont physic^ogioal fanotibns and the organs voonoeroed. 


FUNCTIONS OBOma 

A. Ndtsttion 

, y 

1 Absorption water and minerals Root<haira 

2. Conduction of the nutrient sap ... Xylem tieeufs. 

3. Absorption and storage of air ... Inter<oellular quoes, 

Aerendhyma. ^ 

4. Assimilation ... ... Chloiencbyma. 

I 

5. Transport of assimilated matter ... I Phloem tissues. 

6. Storage of surplus food ...* Parenchyma of stems, roots, 

fruits and seeds. 

> 

It. ilBSPIBATlON «•» sas^ Ail living cells. 

7. Storage of waste matter ... rnter<cellular spaces, glands, 

hairs, gum>, resin-, and other 
passages. 

(1. UsowTH ... ... All growing parts. 

D. Moveuemt OB BBSPOMSB ... All growing and young organs 

and certain special motile 
organs. 


E.' BbpbodvcTIOK 


« 1 » 




Primordiat ceils, flowers, et-o. 
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ORGANS 


FUNCTIONS 

Root 

# 

•B»' 

1, Absorption of water and minerals. 

2, Fixation of plant on soil. 

3, Storage of surpluB food matter. 

Stbm 

B 

• « » 

1 

1 

1. Carrying and developing the leaves 
and exposing them favourably to 
sun and air* 

2. Distribution or circulation of food- 
matters—raw and assimilated— 
throughout the plant. 

3. Storage of surplus food matter. 

Lbavbb 


1, Assimilation and respiration, 

2, Letting out of surplus water 
brought from the root 

Flowek 


]^produotion by securing the best 
means of eexoai union. 

Fsuit 


Preseivation and dispersion of the 
seed. 

Sbsp 

• • • 

Protection of the embryo and afford¬ 
ing it food till suitable time when 
it cani»grow up as an independent 
plant. 




CHAPTER XX. 

PROTECTION OF THE PLANT. 

. Protootion of the ^nt from injuries which most ha 
more or leas received from the outaide world is secured in 
various ways. For. between plants and animals there is 
going on a continuous struggle for existenoe. Many animals 
live sxolusively on vegetable diet and principally on the soj^* 

* k 

living green foliage which is the most important vital organ 
of the plant. Herhivorous animals can not. of oourse> foresee 
like men that it is prudent ip let the plant grow and eat 
its fruit or seed. They wage a war of extermination on 
plants by devouring stem, root and all. But plants also are 

protected by various means. 

_ « 

First, poison. The latex of latex-bearing plants, such 
as Akanda (C’alofropM p^onfsa), Poppies, spurges, ete^ is as 
a rule, poisonous. In some cases it often causes hlistin, as 
in Papaw and Chitra (Chitiika—Phim&upo geplamea). Deadly 
poisons, called alkaloidt, are also formed in many plants 
For instance, in Datura occurs the. alkaloid datwiiwt io 
Kuchila (Nirmali—the strychnine idant) occurs the alkaloid 
sfryehnins, in Aconite (Kat-bish— jiconitum /mw) aco¥tiHt»,^ 
in Cinchona guinine, in tobacco plant maotme, in E^ntikaiy 
(Skdanum xanthocarpum) sokmine, in the Opium plant mor* 
phgWt and BO on. Certain small herbs like the Amrool-shak 
( OtuSifi) and S^iooshny-sbak (AfarsiMa) are very bitter for they 
ooidMin acids in their oell'sap. In the oommon Kaohoo 
and Ol. and in many waterplants rapfaides irritating 
liquid# are present in large quantities in the eells. These 
o|ten give .«n itching sensation to the mmuth, and may even 
cause serious inflammation. 

‘ 17(a) , 
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Secondly, Kairs. In certain plants there is a dense 
outgrowth of hairs on the epidermis which form a tangled 
woolly or silky covering. They are avoided by grazing 
animals because of the sense of nausea and choking which 
they feel when such a hairy leaf is chewed and devoured. 
The long dry hairs stick to the tongue or form a ball at the 
throat and can not be easily got rid of and the animal feels 
great uneasiness. 

Thirdly, weapons of defence such as thorns, spines, 
prickles, and bristles'. These are all sharp pointed structures 
capable of giving a smalt wound to attacking aninlils. Thorns 
are arrested branchlets which transfonn their terminal 
buds into a hard lii.nified striioturo, also their lateral 
buds ill the case of brunched thorns (see p. 40). Spines 
arc modified leaves or leaf-segments. Both thorns and 
spines have vascular bundles in which of course the vessels 
are not developed but arc replaced by fibrous hard tracheides. 
A prickle, however, is a structure which proceeds from 
the sub-epidermal parenchyma (cortex) of an organ carrying 
over it the epidermis as well. It ends in a sharp pointed 
cell, but has no vascular bundle though it is often lignified. 
Bristles differ from all the above in being strictly 
epidermal in origin. They are colls of the epidermis which 
grow out and terminate in a hard point. They are also 
specially adapted as weapons of defence. Thorns are the 
largest of thorn all, and are formed in no definite direction. 
But the rest are often so directed that they may stand 
against creeping or crawling animals, such as snails, slugs, 
and worms. Thus, the prickles of Rose (fig. 63) are formed 
on the petiole and the stem up which the creeping animals 
must come in order to reach the green leaves. The leaves 
of Lotus are armed on the under surface and on the petiole 
with prickles, for they are exposed to the attacks of small 
aquatic animals and sings. 
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The most remarkable plants in this respect are the 
Opuntias (p. 66) and Caotii. These plants have peonliarly* 
shaped swollen sucoulent stems which being green carry on 
the function of leaves, and the foliage is entirely suppressed 
and modified into long spines. Biistles and prickles also 
occur, so that the whole surface of the plant is dangerously 
armed with pointed needles, some large, some extremely 
fine and very difficult to pick out of the skin once they 
have inflicted an wound. 

The ipyt deadly bristles are those which are found in . 
the Nettles (Bichuty —Fleuria intgrrupta). They are called 
stinging hairs. They are formed of single long epidermal 
cells with a swollen base and^a gradually tapering apex. 
The very tip, however, is not pointed but slightly swcdlen 
and bent to one side. The hair is stiff and elastic and the 
end is brittle. When it comes in contact with the skin of 
an animal growsing on the plant the terminal part falls off 
and the oblique lancet-like pointed end, now exposed, easily 
penetrates the skin and pours a very irritating poison 
(formic acid). A very painful sensation, as if of burning, 
is produced, and the part wounded becomes inflamed. 
Grazing animals carefully avoid plants furnished with sting¬ 
ing hairs, and do not lot their nostrils, nor the mucous mem¬ 
brane of their mouths get wounded by the corrosive poison. 

The protection afforded by the spines is meant mostly 
to defend the green foliage while it is young. This is exactly j 
the time when protection is most needed. T^ater on, old 
foliage leaves, which have grown beyond the points of the/ 
spines or prickles, may be eaten, and this does not muclY'^r 
matter, for old leaves are not of much use to the planj^ 
they are soon shed as a matter of course (see fall of 
p. 262). Stipules are often turned into spines, as the 
Jujube, and prickles and thorns are often so fornied 
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snifill lea^bud* or axillary sboot-btmB* may be pro^eetod 
nbild they are growing. So long as tbe young tendar 
foliage leaves remain in this positaont between two forlu/ef 
the stipules or prickles, they are avoided by amuals. 
protection is mostly at an end when the leaves have grown 
far beyond the axils. 


Stability of Plants. 

A plant being made up mostly of soft cells, the question 
arises how it maintains its stiff and rigid form even when 
battling against wind and rain, and, in the case of the 
young root, against the hard and rough soil. Young leaves, 
young buds, flowers, root-tips, etc. are really extremely 
delicate organs, and yet we find them standing erect and 
rigid and stiff. 

Turgidity.—When water is absorbed by a coll the 
increased pressure of tbe vacuole forces the protoplasm 
firmly against the wall, and so stretches the latter; the 
elasticity of the cell-wall leads to a recoil against this force 
and as a result the whole cell becomes rigid. A parallel 
is seen in the football. When air is pumped the bladder 
expands, but the leather-case obecks the expansion, and the 
result is a great tension which makes the hall hard. So, 
too, a rubber tubing, which is soft and pliant, when 
closed at one end and air pumped through the other 
end, becomes soon a straight and stiff rod. This 

phenomenon is known as turgidity, and the stiffened oells 
are called turgid. It takes place in all living parenchyma, 
and is necessarily at«ent in cells whose walls have lost their 
elasticity, such as the fibres and vessels, and also in cells 
without protoplasm. The turgidity of the oells of a living 
» parencbyniA is increased by the tendency of the bard bundles 
and tough epidermis ^ compress the swollen paresobyma, 
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«d tli»t a whole or^nr suoh as a jfOfone lei^ 

booomM rigicl and fimt All teisder uxsttBS* «Qoh as 3 WDg 
t^idrils* foliage aod floral leares> young roots* asid so on* 
aspedidly aquatio plants* whieh- Jiave tx> spooial hard 
tjaana to perform the meohanioal fundaon ol support and 
rf^itji owe their stiffness tq. torgidity. If this is lost« as 
when the organ loses too much water* it droops or withers 
for its cells are now soft and flaooid. 

’naaue4enaion.- All young growing organs are stiff 
and britUe* not because they have miy bard brittle cells* 
but h^rme of the extreme turgidity of the cells arid 
of a state of gi-eat tension between the pith and tihe 
epidermis. Young organs do not develop the Hgnified 
tissues while they are fast«growing* but the pith is 
highly extensible; it tries to expand on all sides* especially 
lengthwise, and the cortex is not so extensible, mudi less 
the epidermia The result is that the expanding pith is 
kept in check by the outer tissues, is compressed by the 
epidermis which in its turn is kept fully stretched hy the 
pith. A tension is thus produced, and the organ in which 
this tissue-tension prevails is rendered stiff. Tissuo'tension 
may be compared in a way with turgidity. In a turgid 
cell the resisting layer of the cell-wall compresses the 
protoplasm which has a tpndency to expand under the 
pressure of the water of the vacuole. Between the two 
there is a state of tension and the result is that the cell 
is stiff. So in a young stem the epidermis forms the outer 
resisting layer* so does the cortex with its small cells, but 
the pith consists of thin-walled large parenchyma cells 
which remain highly tuigid and extensible. Between the 
outer and inner tissues there is a state of tension* and the 
result it that the organ is stiff. 

Tissue-teBsion may he easily observed in idl rapidly 
growing herbaceous stems where it plays the most important 
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part df maintaining the rigidity of tho organ. Young 
tendrils, young flower-stalks, growing parts of plants, are 
stiff and brittle mainly because of tissue-tension. In mature 
organa there is no' tissue-tension because all the cells are 
grown up, the old pith is not so extensible and the harder 
tissue of the stele somewhat negatives the tension. 

'nssue-tension may be demonstrated in this way. A 
grown up seedling of Sunflower or Cucumber is floated 
in water contained in a saucer. It is then cut up into 
pieces of 1—1/2 inch in length. Each is then split 
through the middle into two longitudinal halves. It is at 
once observed that the pith-side of each half is deeply 
convex, and the outer epidermis-side is deeply concave, 
each half being curved like a bow. This is due to the 
fact that the cells of the pith now exposed become greatly 
stretched, and since they are attached to the almost 
inextensible epidermis, a curvature is produced. The pith 
may also be separated from the stem, but for this purpose 
a grown up young Sunflower stem is preferable. 3’he pith 
is bored out by means of a cork-borer, and it is then again 
insei-ted into the hole. It is then seen that the pith 
profects from the cut surface of the stem. It becomes 
narrower and longer than the original pith of the 
intact stem. 


Mechanical Tissues. 

The rigidity of a plant is secured by certain mecha¬ 
nical or strengthening tissues and cells, for turgidity and 
tissue-tension, though effective in young growing organs 
and in aquatic plants, are of no use in grown up organs. 
Such organs can not maintain their stability depending 
On turgor and tissue-tension alone, for they arc subjected 
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to varying oonditiona of the toil and the atmosphere and 

t 

are not surely amply protected from the drying infinenoe 

. a 

of the air. Hence special strengthening tissues are develop* 
ed in them. These are.— 

1. Collenchyma.—This is a tissue oonsistiDg of live 
parenchyma cells which have strongly thickened walls. 
It occurs in all herbaceous stems which grow for a long 
time, in tendrils, in flower-stalks, etc. The thickening 
is greater at certain parts, especially at the corners (fig. 

‘296), so that food matters and water may easily pass to and 
from through the unthickened parts of the cell-M all, while* 
the thickened parts enable the tissue to undergo great 
flexions without rupture. The large deposition of cellulose 
on the cell-wall thus serves a two-fold functioii; (1) to 
prolong growth, and (2) to withstand bending strains. See 
also pp. 183 and 212. 

2. Sclerenchyma.—This is a dead tissue which forms 
the hard bony skeleton of plants (pp. 184. 213). The long, 
pointed, thick-walled, often lignified and hard cells may be 
likened to a long steel needle. Both are highly plastic, 
returning to their upright position after a few vibrations 
when bent considerably. The tissue occurs in plants in the 
form of very long strings. Its sustaining strength has been 
estimated to be equal to that of the best hammered steel. 
A string of sclerenchyma may also be likened to a steel 
cable made up of twisted iron wires. For, the cell-wall of the 
fibres is made up of thin narrow strips woven together as in 
a cotton fabric. 

Sclerenchyma occurs either as isolated strings in the 
ground tissue, or in conjunction with the vascular bundles. 
Monocot stems which do not pi*oduce wood depend entirely 
upon this tissue for their support. The long stems of Palma, 
Bamboos and Grasses are traversed by very strong strings of 
sclerenchyma which not only give to the plknts their wonder 
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fal but iJao eoftble tiieiii to bssr tbd enormous 

weight, of the folisge and fruits at the tot^ The fibres 
deriTod from plants for cordage (Palms* Agave. Jute) 
are seferenohyma. The bast fibres of the jAloem and 
the wood (fibrous traoheides) of the :Kylem are 
soleronohymatous. 

The sclerenehyma tissues are often arranged in sueh a 
way that the best mechanioal advantage is secured. Thus, 
they often form, along with the vasoular bundles, meohanioal 
struts or girders like the iron joists which support the roof . 
of a building. In cross section such a girder is seen to be 
I'sbaped with the upper and lower plates of sclerenohyma 
and the vertical plate of vasoular bundle. In this arrange¬ 
ment not only is the vascular bundle protected'^ from tearing 
stress but the whole organ is made rigid, as if a microscopic 
iron joist is inserted in the soft ground tissue (see p. 237). 
In the stems of many plants which do not produce a bulhy 
wood the Bclerenchyma forms a T-shaped girder occurring 
88 a transverse plate outside the vasoular. bundle (see 
fig. 302, the shaded part of each bundle is solerenchyma, 
the dark part is the vasoular portion, and fig, 309). Two 
such girdeiB occupying opposite positions on the same 
diameter of the stem form a composite l-girder, us can be 
easily understood from the figures. 



CHAPTER XXI. 

ABSORPTiON OF FOOD. 

The Food of Plants.—Cfaemicsal anslyais of the plant 
body tells ua what aubstsnoes enter into its cotupoaitiou. If 
we heat a seed or a plant there is a great loss in weight due 
to loss of water, and if we further burn it great volumea of 
gas are disengaged and an inaigni&oant quantity of ash is left 
behind. The gaa on anslyais will be found to be minoly 
water-vapour and carbon dienide, the gas which we grt 4u 
aerated waters. The ash contains various salts, such as 
carbonates and phosphates of potash and lime. As a remit 
of hundreds of experiments it Jiss been found tbirfi the follow¬ 
ing elements are always present in plants t-’arton (0), 
Uydroffgn (H), Oxygen, (O), ISiirogen (N), Sulphur (S), Phospho¬ 
rus (P), potassium (K), Magnesium (Mg), Calcium (Ca) and 
Iron (Fe). Occasionally other elements, such as sodium, 
silicon, chlorine, etc., also occur. 

Composition of the Air and the Soil.—Air is a mixture 
of oxygen and nitrogen along with small quantities of carbon 
dioxide (CO, ) water-vapour (H, O), and other gases. Of 
these oxygen and carbon dioxide are essential to plants, the 
rest are not of much importance. If We char a plant a black 
mass of charcoal is left behind. This is carbon, the sole basis 
of the organic substance of the plant. It is derived solely 
from the atmosphere in the form of the gas carbon dioxide. 

Soil is made up of small particles formed by the gradual 
denudation of various rooks, and contains all the elements 
necessary for plant-nutrition in the form of salts. Its parti¬ 
cles are richer loose and amongst them are litde spaces 
occupied by air and water. In addition to them inorganic 
constituents there are remsuns of animals and plants, called 
humus, which by decomposing produce various acids which 
lb 
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break up the particlea of soil or dissolve them in the water 
saturating the soil. This water consequently is not pure but 
holds in solution most of the salts useful to plants. These are— 


Nams 

Symbol 

Elemrmts FBBBBNT 

Oypsam 

Ca SO4 

Calcinm, Sulphur, Oxygen 

S^ium Sulphate 

Naa SO4 

Sodium, „ „ 

MagneBinm sulphate 

Mg804 

Magnesium „ „ 

Calcium nitrate 

Ca (NO, ),. 

Calcium, Kitrogen, „ 

Votassium 

KNO, 

PostasaiURi, „ „ 

Calcium, PhosphorooB „ 

Calcium phosphate 

Ca,(P04 ). 

Magnesium phosphate ... 

Mg H PO, 

Magnesium „ 

Hydrogen „ 

Chlorides ot Sodium Mag* 

1 NaCI, 

nesium, Potassium, and 

VMgCl,, KCJ, 

Chlorine, MagneBinm, 

lion 

j Fe C), . 

Potaspiam, Sodium, Iron 


Water culture 



Fig. 320. AGrasB 
p.anc grown in cut* 
tare solation—f, tlw 
fnnnel for pouring 
fresh selation or 
water as it gradunlly 
Ueoceases. 


experiments enable us to ascertain ; 
(1) what elements are essentially 
necessary for healthy growth, (2) in 
what form they can be best taken up, 
and (3) what particular nutritive 
function these elements have. In these 
experiments small quantities of salts 
mentioned above are dissolved in pure 
water, and seedlings reared on wet 
saw-dust are cultured in this tiutriUve 
solution (culture-solution). From the 
table it will appear that there is no 
mention of oarhon and yet when a 
plant is kept in a culture-solution, as 
shown in fig. 320, it grows vigorously. 
This shov^f that carbon is not derived 
from the* -toil hut from the atmosphere 
where it is present in the form of 
oarhon dioxide gas. The whole appa- 
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ratus (fig. 320) may be placed on a shallow saucer containing 
dilute potash and covered by a bell-jar resting on the 
saucer. In this way an atmosphere freed from carbon 
dioxide (the potash absorbs the carbon dioxide gas of the 
atmosphere) is secured and the plant is allowed to live in it. 
It will be notices! after a few days that the plant turns 
yellow and then dies, inspite of the presence of all the other 
necessary substances in the nutritive solution. This shows 
that atraoBpherio carbon dioxide is indispensable to plants. 


A good culture-solution may be made up as follows:— 
Water 4 litress 

2 grams 
*5 graoi 

•5 




••• 


Calcium nitrate 
Potassium nitrate 
Magnesium sulphate 
PotassiDm phosphate 
Iron phosphate 








21 


21 


a trace only 


Small plants or seedlings allowed to gix)w in such a solu¬ 
tion will develop into full-sixed plants with flowers and even 
fruits, provided certain precautions si’s observed. The 
effect of omitting some of the constituents from the culture 
solution is detailed below:— 


Omit 

1 Effect 

Iron salt 

Chlorophyll not rlcTelopctl, leaves become 


yellow, the plant dies. 

Potassium salt 

Plant becomes stuntal^ growth is not nor- 


ma^, death follows in a short time. 

Calcium salt 

Plant becomes deformed, duration o£ life 


shortened. 

Magnesium salt 

Almost same as that for potassium. 


Absorption of wate|. from soil.—That the youngest 
roots and their root-hair^^orb water from the soil may 
be shown by a simple experiment. We take a plant which 
is being cultured artificially by the water-cultuie method 
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and add some powdered ^ostn to lAe water. The water ie' 
coloured red< After a few hours the plant is taken out of 
the culture bottle and washed rapidly in water. It is then 
observed that the young roots, especially the root-hairs, are 
stain^ red both externally and interaally. Trying the same 
experiment with powdered carmine (.another red colouring 
agent) which is not soluble and hence remains suspended in 
the water, no colour will be noticed in the root. This 
shows that solid matter, however fine, can not be taken in 
by roots; it must be first dissolved in water. If leaves, 
stems, or other paiis of a plant are immersed in the erain 
solution, they are not coloured. This shows that the cuticle 
does not allow the passage of water into the cells. The part 
of the plant which absorbs water from the soil is only 
the hairy region of the root. 

How minerals are dissolved—All the constituents of 
the soil are not soluble in water ; but most are dissolved by 
acid substances which are formed by decaying organic 
matters present in the soil. The phosphates, for instance, 
are indispensable to plants, but they are insoluble in pure 
water and soluble in acid water. Roots respire carbon 
dioxide and this dissolving in water forms an acid solution 
in the soil. Young roots and root-hairs also excrete a kind 
of acid substance and this also helps tjie solution of soil- 
constituents otherwise insoluble. If the root of a plant be 
made to grow on a slab of slate or marble, it gradually 
corrodes the surface of the marble which then looks as if 
etched along the route of the root. The etchings follow the 
ramifications of the root and are due to the dissolving action 
of the acids secreted by the root. 

Osmosis.—Root-hairs are tubular cells of the young root 
epidermis and contain protopla«nl0 matter. They go into the 
interstices of the soil and adhere to its grains partly by 
capillarity and partly by tbeir acid excretion. This acid 
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diiadvea « put of the soil particles» atid the dilate outriei^' 
solution which is thus prepared surrounds the parUoles 
as a thin film. With this the root*hairs come in rery 
intimate contact. This water* or rather sdution* is termed 
the h3rgto«copic water which alone is ahsorhed by the 
roots* the superfluous water which saturates the soil and flows 
freely through it is of no use to plants. A soil apparently 
dry may sustain plant-life* for the hygroscoim water is held 
between the particles of soil with great tenacity. And* 
conversely, a soil which is physically wet may be physiologi'' 
cally dry, such as sand, which can not sustain plant-life for 
the sand grains can not stick to the root-hairs. 


The way in which the hygroscopic water enters into 
the root-hairs will be understood from the following 
experiment (fig. 321). A wide glass tube (A) is closed 
at one end by a piece of a parchment paper (a) and the 
other end is corked. It is then filled with a strong 
solution of sugar coloured with ink or magenta, and % 
manometer tube (M) is then attached to it by means of a 
short tube which passes through a hole in the cork. The 
manometer contains mercury and the part of the tube 
between the mercury and the wide tube (A) is previously 
filled with the same sugar solution, llie glass tube 
is then placed in a beaker (6) containing pure water. 
After a short thne it will be noticed that the mercury which 
at the beginning of the experiment had the same level in 
both limbs now rise steadily in the narrow tube, a little 
^depression in the level of mercury of the bulb (M) having 
also taken plaee. The pressure which causes the ascent of 
the mercury in the experiment is termed oamotic pressure 
and the phenomenon is known as osmoaia 


The principle of osmosis is this ; if there be a differeuoe 

'* f 

in concentration of two solutions on the two sides of a 
porous membiane, diffusion takes place iu such a way that 
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the stronger solution becomes dilute and the weaker one 
concentrated ; ultimately equilibrium is established when the 
oonoentrations on both sides are equal. The explanation 
of the above experiment is this: the 
parchment is a semi-pervious membrane. 

On one side of it, within the tube (A), 
there is a thick solution of sugar, and 
on the other, in the breaker (B), is simply 
water. The sugar solution passes nut into 
the water of the beaker—this is seen from 
the water in B being gradually coloured. 

But much more quickly and strongly does 
the water of the beaker pass through the 
parchment and enter the glass tube, and 
hence the pressure. The osmotic pressure 
can be measured by the rise of the mercury 
column ; it remains active so long os there 
is any considerable difference in the con¬ 
centrations of the two liquids. In osmosis 

there is a diffusion of two liquids through l^ig 321. Ajqui- 

ratus for showing 

a separting porous membrane; the rate osmosis. 

of diffusion of the lighter solution 

(endomosis) is far greater than that of the denser solution 

(ewosmosis). 

The glass cylinder in the above eyperiipent may bo 
taken to bo a root-hair, the liarcbment then representing 
the cell-wall. Outside the root-hair there is a very dilute 
nutrient solution, inside it a dense protoplasm and 
concentrated cell-sap. The dilute nutrient solution coJise- 
quently* passes into the root-hair by osmosis, almost in the 
same manner as the water of the beaker passes into the 
tube. All solutions, however, do not pass through permeable 
mcmbiai.cs. Colloidcs ore those substances which form 
solutions incapable of (mssing througlf such a membrane ; 
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protoplasm and most of the. albuminotis mbstanoes are of 
this nature. Inorj^nio aait», suob as those present in the 
soil, are on the contrary crystalloidsi that is, they form 
solutions whieb oan pass through permeable membranes. 

The sugars are also crsytalloids so that they too oan 
readily pass through permeable membranes. In the ease 
of the root-hair the protoplasm and the proteids vrhiefa 
enter into its composition being colloids oannbt come out 
of the cell, but the oall-sap contains acids vrhioh are 
crystalloids atid como out by exosmosis and help the root 
to prepare the nutrient solution by dissolving those 
particles of the soil which are insoluble in water. The 
nutrient solution present about each root-hair , being a 
very dilute solution rapidly passes into the coll by 
endosmosis. Thus the root absorbs from the soil not 
only water but also a part of the earth which is nece 88 ai 7 
for the life of the plant. 

To see osmosis, take the bladder of a fish, Wash it thoroughly and 
then fill it with a strong solution of salt or sngar. Tie the open end so 
as to make it water-tight and then place the bladder in water. In a few 
hours it becomes hard and rigid, just as when a football is pumped 
hard. Now take the bladder out and place it in a solution of salt or 
sugar thicker than the last. In a short time the bladder loses its 
BtiffaesB and becomes soft.. In the first case water entors into it, in 
the second, the solution comes out of it; in both cases the lighter liquid 
flows towards the stronger one. 


SUMMARY. 

^ By chemical analysis it is found that the following ten elements are 
always present in the plant body : C, H, N, O, S, P, Mg, Fe, K, Ca. 
Water-culture experiments show that these elements excepting carbon, 
are derived from the soil in the form of salts, and the carbon is derived 
from the air in the form of carbon dioxide. 

The way in which these salts are taken in by plants is this; Some 
of the salts present in the earth are soluble in water, others ara insoln- 
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bk, tbojr are ctiseolved by tbe aokh fworeted by the yoeng root^haire* 
Thi« diltile M17TRX8KT eObTTTlON Of the plant U held with great tenacity 
by the fine partfolee of eand of which the earth is oomposed. With these 
partiolei the fine root-hairs come in intimate oontaot| in fact tbe 
particles stick to the hairs beoause of the acid secretion. The water 
then passes into the root-hairs by osuosts, OsmoBis is the phenomenon 
of diffnaiou of fluids ibroagh a permeable membrane and inside the cell 
is a concentrated cell-sap, outside it the very dilate nutrient solu¬ 
tion. The later consequently rapidly paabes into the cell. The protn- 
lasm and the more complex ceil contents can not come ont-, being 
colloids, but a small quantity of the acid cell-sap comes out by exo&mcwis 
and this helps to dissolve the particles of soil and prepare more nutrient 
Boluiion, 

QUESTIONS. 

!. Wliat are the essential foods of plants ? How would you deter¬ 
mine t hem ? 

2. What is Water culture and what do yon learn from it ? 

3. What is Osmosis ? Describe a simple exp('rifnent you have seen 
t<j ilemonstratc it. 

4. How do plants absorb foot! ma^tera fiom the soil t 

6. What is hygroscopic water ? What are crystalloids and colloidA 7 



CHAPTER XXa 

CONDUCTtON OF WATER. 

Ai ail living o«ll8 require water for Various purposes it 
travels io the plant i)ody in various ways. The eort^l 
cells, especially of the root, are always Jiving Oi^ls. Like 
the root'hairs they also have a great capacity for imbibing 

water by osmosis. For, to this 
respect what the root'Jiairs* are 
to the hygroscopic water of 1h« 
soil, the inner oortioal cells are 
to the root-hairs. The oorifeal 
cells have a dense cell-sap, while 
just touching them on the out¬ 
side are the root-hairs containing 
a large quantity of water. Conse¬ 
quently the lighter solution of 
the root-hairs moves towards the 
cortical cells. Thus, by a cease¬ 
less process of osmosis water 
moves from ceU to cell, from the 
soil to the root-hairs, and from 
the latter to the oortex, and 
thence to the xylem of the root 
Roc^-preaaure. Most plants 

Pig. W3. ‘Apparatns demons- when out off a Uttie away from 
trating root-pressara. the groum} in early spring exude 

vrater from out surfaee. The water is erideittly preaMd 
upwards Iqr the root. The power which the root poseeases of 
forcing water upwards is known as r 0 o^f)r«£sar«. The exuda¬ 
tion increases U we warm the roots, dboreau* if we cool them. 

Owi^g to the great exeeae of endosmoski a oonaiderable , 
18(a) 
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preasuro is set up in the oortioal cells of a root. By virtue 
of this pressure water, is pumped into the xylem vessels, 
and when the rate of absorption by roots is greater 
than the rate of loss by the leaves, water is forcibly 
pumped up the xylem tissues.' This explains the cause of 
root'pressure. Fig. 322 shows a method of demonstrating 
and estimating the root-pressure. A pot plant is cut off, 
early in the morning, a little away from its base. To the 
stump (S) is attached a bent glass tube (M) by a piece of 
rubber tubing. The glass tube is previously filled partly with 
mercury. After some time the mercury in the open limb rises ; 
from this the force of root-pressure can be ascertained. 

By virtue of root-pressure drops of 
water are actually ejected from the margins 
and tips of many leaves especially at night 
and early morning. This is observed in 
the leaf-tips of Kuchoo and other Aroids, 
several grasses and herbaceous plants such 
as the garden Nasturtium, (fig. 73) etc. The 
copious outflow of a sweet liquid from the 
cut surfaces of Date palms. Toddy palms 
etc., is also due to root-pressure, 

Txanspiration.—The leaves of plants 

are constantly giving off water in the form drop watw 
of vapour especially ns long as they are in eiecterl from tlie 

light. This cati be proved by placing a Kuchoo. 

■pot plant under a bell-jar. After a short 
time the inside of the jar is found to be dimmed with 

moisture. The process really goes on in all green erial 

parts of plants and is known as transpiration. It is not 

a simple process of evaporation ; - for evaporation is not 
much affected by the presence or absence of light, but 
transpiration takes place mainly in light. Thus, if a 
plant *fea covered with a bell-jar at midnight little mois- 
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ture will be found deposited on the glass. Tliis shows 
that during daytime water is rapidly given off by the 
leaves in the form of vapour. The total volume of water 
thus lost by a plant is very great. For instance, a strong 
Sunflower plant, of about the height of a man, loses in a 
warm day over 6Sis of water. It has been estimat-ed that an 
acre of Cabbage plants will transpire two million pounds 
of water in a month ! The water vapour escapes either 
through the outer walls of the epidermis, or through the 
stomatal openings in it. The former is called cuticuhr trans¬ 
piration, and the latter stomatal transpiration. Both processes 
go on In ordinary land plants, but in plants possessing a 
thick cuticle the cuticular transpiration is small and may be 
altogether absent. It is especially, strong in herbaceous shade 
plants and in very young leaves whieh have not yet develop¬ 
ed a thick cuticle and a sufficient number of stomata. 
.Stomatal transpiration is of course more important of the 
two, for stomata are the special organs of transpiration. 

Importance of transpiration.—(1) Boots of plants 
absorb a large quantity of water, for the nutrient 
solution prepared in the soil is very dilute. If it is strong 
the salts cannot go into the root-hairs by osmosis and a 
large quantity of water is absorbed. The water, however, 
acts more as carrier of the minerals than as food, and 
after having reached the leaves deposits the salts and 
goes away as vapour. The excess water is transpired. 
Hence transpiration is essentially necessary not only to 
supply every organ with water wj^en it is required, but 
also to maintain a steady stream so that the leaves, the 
main manufactory of the plant, may have a continuous 
supply of raw food-matters (the salts) from the soil. (2) 
Moreover, as plants are exposed either to direct or to 
diffuse,sunlight, they would become excessively heated if 
not cooled by transpiration. By saturating every living 
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orgaui and by baiog oonstoutiy yapo«kHaed> the transpired 
water hel'ps to keep the delicate oigaais of plants cool; the 
energy of the sun's* heat is expended in converting liquid 
water into vapour and is thus diverted from overheating the 
plant. (S) Agaiui by transpiration the ascent of water in ^ants 
is facilitated. For, as the leaf eontinuously loses water its 
component cells become restively dry and have an increasing 
tendency to suck up water from the stem or from the vas-* 
cular bundles. By virtue of this suction action o! the foliage* 
water is rapidly pumped up the stem, and thus a speedy 
circulation of food matters throughout the plant is ensured. 

The fact that water is given off by the leaves may be shown by 
holding a pieoe of oobalt chloride paper near the lower siufaoe of a leaf 
(where lie the stomata) when after a short time the blue paper will tarn 
red. A paper soaked with cobalt chloride solution has at'first a reddish 
tinge but when it is dried near a flame it takes a blue oolour. This blue 
paper will indicate the presence of moisture by being turned red. 

Stomata are the special organs of transpiration, for 
the watefYapour is formed in the respiratory cavities (fig. 
310) by the heat of the sun, and the stomata! openings 
allow its escape. The meobanism of the stomatal apparatus 
is exquisitely adapted to modify transpiration. The guard- 
cells are living cells containing protoplasm which is highly 
sensitive to light-stimulus. When light falls upon the guard- 
cells they absorb a quantity of water from the neighbouring* 
cells and become turgid. Turgidity makes them stand erect 
leaving the stomatal passage open. The increased demand 
of water on the part of the guard-cells is due to the fact 
that their protoplasn^ prepares, under the influence of sun¬ 
light, a certain quantity- of sugai'. This substance rCnden 
the celHap denser and hende by osmosis water is taken up. 
At night the protoplasm cannot prepare any sugar and so 
the turgidity gradually diminishes, and then the guard-cells 
become flatter and dose the orifice. Hence at night, or in 
ob^be of light, trax^piration camtot go on for the simple 
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Itef It sttd) thttt tranffpi^tiott tskoB For, not 

only are leaves flat and thin and expose the ‘ greatest sttrfaee 
bat they are also amply provided vrith stomata and respira’- 
tory ravities, and tfae veins or vasonbr strands ramify in 
afl dheotionB. Green stems also transpire being provided 
vifb stomata, but a woody stem somotly transpires at all. ^ 

Tlie reason wby leaves do not transpire' at night is this : 
whbti there is no sunlight the raw mineral food taken from 
the soil cannot be cooked up into plastic material and. so 
the work done in carrying the water to leaves is so muc^ 
loss of energy. Besides, a continuous loss of water at night 
would have a chilling effect under which the protoplasm 
might die. And further, the guard-oolls being closed at 
night there is no outlet for the watervspour. Besides light 
whioh is essential, there are several other fcKtors which 
influence the rate of transpiration : — 

(1) Temperature of air .—The higher the temperature 
the greater the transpiration, evidently because the heated 
plant gives oif vapour more quickly. 

( 2 ) Moistness of air. — A dry atmosphere favours tians* 
piration for obvious reasons. 

(3) Moi/ement of air also hastens transpiration. A hot 
windy day often causes plants to droop or wilt. 

Ascent of water—In small herbaceous plants the ascent 
of water is due, in the first place, to the continuous endos* 
mot^o action of the root-baiia, and secondly, to the great 
bydroststie pressure exerted by the cottioal eells on the stele 
of the root whereby the v(»sels of thb xyiem become filled 
with water. This root'premure is sometimes very gr^ and 
can explain how water rises in plants. In large plants, 
however, the distance over which water must travel in order 
to reaek the leaves and growing pointe ia so great that 
root^preesure can not he regarded as the cause. In them 
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transpiration» perhaps more than anytliing else, is respotv 
Bible for the ascent of water. The loss of water by the 
mesophyll cells occasions a great concentration in their cell* 
sap and thus they obtain the power of sacking up water 
from the xylem. The latter may be regarded as made up 
of long chains of cellsr the end cells being in intimate oontaot 
with those of the mesophyll. These losing water to the 
atmosphere take it up from the first layer of cells of the 
xylem. The latter in their turn suck water from the 
next layer of cells; in like manner every cell of the 
xylem-ohain may be regarded as standing to that just below 
it in the same relation as the mesophyll cells stand to the 
xylem—each of them sucks water from below. 

By the united action of all these sucking cells a consi¬ 
derable suction is brought iiito play and this immediately 
causes the ascent of a current of water, termed the transpira* 
tion current. Thus root-pressure pumps water into the 
xylem; transpiration helps it to ascend. The action of 
transpiration may be compared to that of a suction pump. 

Transpiration takes place only in light and it is more 
active on a windy or a dry day. Under active transpiration 
there is no direct evidence of root-pressure. For, if an 
actively transpiring shoot be out off from near the ground 
and the cut stump attached to the manometer, as shown in 
fig. 322, it will be found that there is no exudation of sap 
and that-the mercury in the open limb of the manometer 
(M), instead of rising, falls, thus indicating a negative root- 
prassure. This is because the suction by transpiration is 
greater thati the pumping action of the roots. If, however, 
transpiration be checked by covering the plant, for instance, 
with a bell-jar for some time before cutting, the cut stump 
will exude water and evidence root-pressure. Thus transpira¬ 
tion ond root-pressure supplement each other : when the 
atmosphere is dry or windy or '’otherwise favourable to 
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strong transpiration the suction action reaches even the 
roots and water travels to the upper regions where it is dry 
and hot, just as cold air is drawn up by a heated land'scape* 

a 

When the day is moist and transpiration is prevented or 
checked, water is equally pumped up by root'pressure. At 
night no transpiration is possible but the root*hairs are 
active all the same, and so a considerable quantity of water 

accumulates in the xylem tissues by root- 
pressure. When this is very great an 
actual exudation of drops of water ftbm 
the leaf-tips may take place. Thus is 
secured by root-pressure that giving off of 
the excess water not required by the plant 
which is ono^of the objects of transpiration. 
As the sun rises and the day warms up. 
transpiration now comes into operation and 
root-pressure is diminished; gradually it is 
entirely negatived by transpiration. By 
coating the leaves with wax (thus plugging 
the stomata and preventing transpiration) 
and warming the roots, however, active 
exudation of water may be observed even 
when the day is hot and otherwise conducive 
to excessive transpiration. Or a out twig 
may be attached to a bent glass-tube, as 
shown in fig. 324, filling the short limb previously with water 
and a little mercury ; on pouring mercury now into the longer 
tube the water is forced up the stem by pressure and exudes 
in drops from the tips and margins of the leaves. 



Fig. 324. 
Apparatus for 
showing the 
exudation of 
water from cut 
shoots under 
pressure. 


The force of suction brought about by transiuration may 
be shown in this way.—The stem of an actively transpiring 
plant is bent and brought under water contained in a basin 
and there cut. It is immediately fitted tightly into a long 
glass tube brought under the water, and the out shoot with 
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the tub« full of wa^er is held i^ertioglly ov«t a troagh of 
mevoaryi the free end of tite tube dipping in the meroary. 
The leaves rennain turgid and go on aotively transpiring, 
the water being supplied by the glass tubs, while a short 
column of mercury rises in the tube. This represents the 
force of suction of the transpiring organs. v 

The transpiration current ascends by the xylem or the 
wood of plants. If a ring of cortex be removed from a stem < 
by running two parallel incisions round it, and the vascuhtr 

a 

tissues more or less exposed—this does not alter or affect 
transpiration at all. But if, with or without i^e cortex re* 
moved, the wound inflicted be deep enough to reacfli the wood 
or the vascular bundles, the leaves standing just above such 
injured portions soon after droop and die. It is the traobess 
and the tracheid tissues which act as the conductor of water. 

SUMMARY. 

Conduction of water or of tht nutrient solution takes place— 
<t) by osmosis fi-om cell to cell, 

(2) bj root-pressure from the ooitex to the xylem, 

(3) by traiupiratkm from the root to the leaves. 

Root pasaeuKS is the force with whioli water is pumped up by t!ie 
root through xylem. By it water is forced to a great height of the stem. 

TnaNSPIRatioh is the process by which aqueous vapour is given up 
by the green parts of a plant, especially by the foliage. Stomata are the 
special organs of trauspiratiou* The aqueous vapour diffuses out ^ 
through the stomata during the day when the guard-cells are open. By 
transpiration a great sucking foi'Ce is exerted by the foUage on the 
xylem tissue and this causes the ascent of water. 

QUESTIONS. 

r 

1. What do you aoderstand by f 

8. ^ Deacribe bow water aeoendoin plant., 

3, What Is transpiration? Distingnish between stomatnl add 
entiedlar transpiration. 

' 4. Describe oarefnily the coarse followed by water as U enters the 

pUM tram dhe Mdl and goes out by the leaves. 




CHAPTER XXm. 


ASSIMILATION. 




<*. 


'-In the pmoeding eliipter it has baen that plants 

require a ouii^ant supply of ^ator> that the erater altiorbed , 
from the soil contains various salts dissolved in i^ and 
that without some of these salts plant Ufe is impossib^. 
But what becomes of these salts i TItey sire conveited Into 
organic compounds by the protopla8m> or in other words s^ 
"assimilated.” Thus*.the nitrates, sulphates, phosphates, 
etc., from the soil along with the carbon dioxide gas of the 
atmosphere are chemically united in the body of the plant 
into carbohydrates, proteids, oils and fats, and so ou. 


AbsortHioii of carbpn dioxide.—Of all the essential 
elements of plant-food (p. 273) carbon is the most impor¬ 
tant, for it forms the greater part of the plant body. It is 
not absorbed from the soil, as shown 1^ ^aterculture dx- 
perimcnts. but from the air where it is present in the form 
of carbon dioxide gas. To show that this atmospheric 
carbon dioxide ie the only source of carbon and is indispen- 
sable to plants, we simply ^aoe a small pot plant on a shallow 
saucer containing water and invert a bell-jar over it resting 

on the sauoer, so that the plant is enclosed in an air-tight 

' « 

space, After leaving the apparatus exposed to light for 
some time the air in the bell'jar is examined. It be 
found that carbon dioxi^ has disappeared and the percen¬ 
tage of oxygen has ihereased. The experiment sbows that 
carbon dioxide gas enters into the plant ae such, and 

s * 

we know that the .stomata are the paisagea through 

I ■ 

wfaioh this gas finds itself into tiie plant-body, .It iJso 
proves that l^e light: is reqoirpd in., order timt the leaves 
may absorb gas, and ibis isv easily> expkkitKd for the 

,' ' f 
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guard-cells of a stoma open only in light. Hence light by, 
atimulating the guard-cells opens the stomata not only for 
transpiration but also for the absorption of air. 

If the above experiment is performed in a dark room 
thie carbon dioxide is no*t absorbed, nor, if instead of taking 
green parts of plants, such as loaves, we take only flowers, 
or roots, or other non'green parts. These ‘ experiments 
show that only green parts of jjlants can cAsorh carhoa diomde 
and that light is itidispettsable. 


This atmospheric oai'bon dioxide passes through the 
stomata to the spongy tissues of leaves, and there mooting 
the large surplus of water in the respiratory cavities and 
that saturating the cell-wall, gets dissolved to form a dilute 


solution. This solution is then absorbed by all the mcsophyll 
cells exactly in the same way as the water in the soil comes 
into the root-hairs, i.e., by endosmosis. The protoplasm 
of the mesopbyll cells then “ assitpilates ’’ the carbon ; 
retains it to form starch and such things and lets go the 
oxygen. Thus in carbon assimilation oxygen is sot free. 
This can be shown by a simple and interesting experiment. 



Fig. 32». App*- 
ratasshowix^eva- 
lation at oxygen 
irom a plant in, 
light. 


Take a glass beaker and put in it a cut 
portion of the common water-plant Chara 
with sufficient water. Tie a load to the 
plant so that it is kept submerged, not 
floating, and leave tbo whole in sunlight. 
It will be noticed that bubbles of gas 
escape from the cut end of the stem. It 
is easy to count the number of bubbles, 
and comparing the numbers when the 
apparatus is placied in direct light, or in 
diffused light, or in comparative darkness 
the rate of assimilation as it is inflpenbed 
by light may be roughly measured. That 


the'gas eimlved is oxygen may be shown by collecting it as 
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ebowD in fig. 326. A funnol covere the plants so that the gas 
hubbies all oolleot in the funnel and oome put only throng 
its stem. The funnel is wholly submerged and a tesHube, 
filled with • water is inverted over the funnel*stem. The 
bubbles run up the test’tube and collect at its top displacing 
the water. The gas may be examined chemic^y and the 
fact that it is purely oxygen proved. 

t _ 

Carbon assimilation then is simply this : light by open* 
ing the stomata allows the atmospheric gases to diffuse into 
the spongy mesophyll tissues where they dissolve in thp 
water saturating the oelh and passes into them by endos* 
mosis. Once inside the cell, in contact with the protpplasm. 
the gas solution is at once altered, the carbon of the carbon 
dioxide is assimilated, and the^oxygen is given back to the 
air. Being not required in the ceils the oxygen is driven 
out by exosmosis, collects in the inter-cellular spaces, and 
goes out by the stomata as rapidly as the carbon dioxide 
comes in. Thus is maintained in the leaves a steady stream 
of a carbon dioxide coming in and oxygen going out, and 
this so long as there is light. 

Conditions essential for carbon-assimilation are :— 

1. Light—The absorption of carbon dioxide and the 
evolution of oxygon increases gradually as the intensity of 
light increases to a certain degree. This can be shown by 
placing the apparatus (fig. 326) in different positions, at 
one time in direct sunlight, at another in diffused light, 
and then in very dull light or darkness. Intense light, 
however, acts injuriously on plants, for it depomposim the 
ohloroplastSf and so does prolonged darkness, tight, only of 
moderate intensity is what is required by the plant. 

2 . Seat is also required. If the water in the experi¬ 
ment be cooled by placing the beaker in ice the evolution of 
gas bubbles ceases; wanning the water giudually increases 
it. Hence a suitable moderate 'temperature Ts essential. 
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ChytUph^H IB also easentiai* foeC only green parte of 
plants can aSsitniiate carbon. And slnoe ^Alorophyll is 
dereloped ohiody in foliage leaves, the latter are i^e assi' 
milating organs of plants. * 


. 4., J^a^r and the nutritnt solution are' of course 
neoeesary. For, the nutrient solutlbu absorbed from the 
soil and sent up to the leaves oontalns iron and potassinln 
salts and these are essential. Without iron ehlorOphylh 
cannot be formed* e>id when an iron salt is not supiplied 
the chloroplaste become yellow and funotionless, The lunction 
of potamium salts is not clearly hnderstood but its absence 
markedly dimimsbes the assimilatory process. 

Plants grown in darkness become yellow and sickly; they 
are said to be etiolated. This is due to the fact that in dark* 

JS 

ness chlorophyli is not formed or is destroyed inspito of the 
prosenoe of iron salt. In the 'absence Of Ohlorophyll there 
is no assimilation and the plant ultfmatoly dies. 


Many Algm, Mosses, and young Fern plants can produce 
cblorophyll in darkness, so likewise many seedlings of 
higher plants : thus the embryo of the Morning-glory and of 
other plants of the family has green cotyledons even while 
it is still enclosed in the seed. 


Photo'synthesis.—The process whereby carbohydrates 
are found in planto under the influence' of light is termed 
pholorsynthesis. It is the same as carbon-assimilation. By this 
process carbon ;dioxide is absorbed, carbon is dxed, oxygen 
is evolved, and a carbohydrate is formed in the chlorophyll 
containing cells of a plant. The chemical changes which 
take place are these : water and carbon dioxide oomiujfto the 
chloroplasts of the mesophyll cells and under the inBuence of 
light, become combined into a, very UB8l»bk|;:fubetano6, termed 
'formic otiehi/do (GHg^O) as represented' by the' chemical 
^atiem*;-;- ' COa If*Hji 0 = CEft 0 + 0« 

^ aifd - 1^0 okygen (O*) is evolVed ^ the gaseous form. Thisj 
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however, is ^ All tli»fe oan W exi^ri'' 

menta&y slicnrn. is titst s aixd^s josdbibliydn^, a sugat 
harisg the fomala six times tliat of sldeiiyilej 

ns., €«QfsO« can be deteoted io ntuty (MUnib. Bot tbe 
pr 0 d^wt of oaiboO'seslmilaiwo Jp gfooemUy;, 
(Q,H,oOa ) #bieh may Be regarded as a ctood^weiS alp^d 
loBolnble form of the solar first prepared by tbe dbioro|laBits. 
Id oertun plaots <0760 oane-sagar bsp beeo 

detected in the leaves. B»regarding |^e dimifier fbd inter¬ 
mediate chemical changes in the ohtoropliiistB> the final resultlYf 
photo'eyntbesis) as evidenced, by the almost otiivmsal ^reseo|0 
of starch, in leaves may be represented by the chemibal 
equatioD — 6 CQ, 4- 8Hg O « RioO, + 60, 

SUrch is Ibe first tiribU prC^aot ol attimilatiiDD. It mast be regarded 
as a condensed form of tbe eegar Mrhich are nadoubtedly foraed in the 
chloroptasts, lor the simpler sugars have thefozmala 

by Bubtm<^g (me moleonle of water CBaO) and mu^iplying the 


complexity of the molecules the formula for starch la obtained— this is 
(<^s HioOg The starch formed in the mesopbyll cells exists in very 
minute grains and has bat a transitory existence. It is oontinnousiy 
dissolved into sugar and in this form is transported from the leaves to 
the. various parts of the plant. Hence this stSrch is termed assimHa- 
ibm stoich, as opposed to reserve star^ formed by the lenooplasts as 
large grains in rescrvCiis of food matter (cf. pp. 193*5.) 

The formation of startsh by photo-synthesis may be 
'demonstrated in this way. A plant (Sqnftowor, say) is left 
in the open sunshine for some time. A leaf is then plucked 
and left iujbot spirit for a short time. The sdoohol extracts 
the chlorophyll ai|l becomes ooloumd green, the leaf being 
at the same time decolourised and whitened. It is then 
washed in water and then placed in a dilute solution of 
iodine when the leaf gradually assumes a dull black or dark 
blus colour. Tbil is the iodine reaction of starch. The same 

a » 

experiment may be tried with djffereirt leaves, some more, 
or less exposed to light «Qd some remidtiiDg in the shade. 
The latter Would take a beautiful blue colour; the former a 
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dull black colour as above. Tbis. shows that in leaves 
directly exposed to light the amount of starch is greater than 
in one lying in the shade. Again, if a plant be kept for a day 
or two at a stretch in a dark room and then its leaves 
examined with the iodine test, after being decolourised in 
warm spirit, they will take up only a yellow colour which 
indicates tbat there is no starch but only proteid. The same 
plant placed for. a few hours in sunshine will show the 
presence of starch in its loaves. An interesting experiment in 
this connection is to take a pot plant (Sunflower, say) and paste 
thin 8tri,ps of tinfoil over the leaves or write over them in 
bold typos with Chinese ink. The plant is left in the open for 
several hours and then the leaves written or pasted over are 

t 

taken and washed and decolourised with hot spirit. On being 
placed in iodine solution the exposed portions only become 
blue ; the pa^|^vered by the tinfoil or ink remain colourless 
and almoaMlR^parcnt, showing the absence of starch. 

So long as plants get light 
their loaves actively transpire 
and absorb carbon dioxide from 
the atmosphere. Their cells got 
all the necessary raw materials 
and thou these under the influ¬ 
ence of light and chlorophyll 
prepare starch and other things. 
At night or in dim light the 
starch grains are all transformed 
into sugar which travels in 
solution to the different growing 
parts and the underground struc¬ 
tures. , By the time the suh rises 
on the next day the leaves are 
kept pleat of starch grains for 
med on the previous day and are 



Fig. 826. Leaf coveietj with 
tinfoil with lettars cut out 
showing formation of sUirch 
In light. , - 
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ready foif assimilatiidn oooe more. Fig. 337 is s simple 
apparatus by which it can be shown how air gets 
inside the leaves. A leaf is fitted into an iadia*rub* 
ber stopper which fits into a bottle containing water. Jhe . 
petiole dips in the water and the stopper is provided with tk 
bent glass tubing by which the air inside the bottle can be 
sucked out. In the act a number of air bubbles escape .Iram 
the cut end ofiihe petiole and rises through, the water. The 
experiment proves that air. can freely pass {rom the .atmos* 
phere into the leaf. If. however, we paint the spj^e of the 
leaf with vaseline the suction of air through the bpeu tabe 4 
however hard, does not occasion a similar evoIuUon of 
gas from the cut end. This is because the vaseline plugs 

the stomata and so prevents 
the passage of air. If the same 
experiment is performed at 
night or with a withering leaf the 
bubbles do not appear. This shows 
that air can come within the leaf 
only when the stomata are open, 
and that a fresh healthy leaf and 
sunlight are necessary for the pas¬ 
sage of atmospheric gases. 

Why light ia essential for 
photo-synthesis.—In the first place 
without light chlorophyll is not 
formed aiid the stomata do not 
open for the entrance of air; transpiraliion not take 

place and so the mesophyll cells, the faotoiy of the plant, 
do not get the constant supply of minerals essential for 
nutrition. And secondly, light is absorbed by the ohlortr 
plasts and gives them the necessary energy re<iiiii9d for 
the starting of obemioal changes. A part of the solar 
energy transmitted in the form of light is absorbed by the 



Fig, 327. Apparatus to 
show thatak can pass 
into the plant* 





ohior^pfaifita and tfaia is trausforaiod into kaot it 

Toqmr^d to tear up oxygen from t^e o^itram of oarbon 


dioxide. For the deoomi^ition of ‘ oarbon dioxide aome 


ie requiredt also for uniting tbe oarbon > (G) wiib 
^water (H > O) to form the hypothetical OH a O or the oarbo- 
hySrate C aH,xOs, and this e^rgy ie given to the efaloro* 
plaets by the sun. Thus it will appear' that the aun 


• 4 ^ 


guides the fom^on of the taost > important plant'fo(Ml» 
namdy starohi. energises the most important fortoa^ve 
tissue of plants, namely chlorenchyma, builds up the whole 
plant'body, and is, in a sense, the creator of the vegetatioir 



mm Plant grown nmier s 
eoithhi'Wn^Ued bcU«Jar containing 
{KaaM^o^thieliroaiate B^ntion [S], 


of a country. TJpon this 
vegetation the life of the 
animal kingdom collective* 
ly depends. The energy of 
the sun, first absorbed by 
the chloroplssts, is thus 
partly stor^ potentially 
in. the plant, and it is this 
energy which is set free 
in the form of heat and 
light when we burn wood 
or coal (which is merely 
compressed wood), and as 
muscular energy in animals 
which have to depend upon 

the plant-world for &)od. 

<» ' *• 

Chl«opbyIl and . 

The pigments present in ohlo< 
roplasts may to dissolred 
out in alo^l or ether. For 
preparing the aolntion green 
leaves, preferably of Grass or 
similar non-iesinons plants.gi'e 
taken in quantity and ont tip 




into itnd waBhe4 in boiUng wntei; Tii^ ara ttion di^Wtoc) 

In eold Hl^hcd. A d««p green eohition is obtiUAsii m^is when hold bhfova 

the light ftppean of a br Ight gre«a oolonr, thikd seen In' reBooted light ' 

petJV dnll red. This Ib became light Conitste ot diflierant OC no* 

lonn—Tlotet^ inligO, bluet green, yellow, ontligeniid 

through a Mlotion of ohlorophyll the yellow to md ahaorti^nnd 

the bltte>greea raye pase through; the solution appears dnr^,^gien||M;!|fe 

lefleoted light the rays absorbed by the solution, nantely the i^*ye{f^' 

niys, oome to our eyes. The red rays thus absorbed are inmWn 

as the * heat rays'; they heat the ebloropfiurtn bat on beii^ nbeotbedwre- 

transformed into some form of chemical energy lei^ng to the deriMi.* 

position of carbou dioxide and formation of carbohydrates. The ynHotr* 

red rays are the only part of sunlight which is essential Cm assimllatien. 

To show this doubie,walled bell-jars are used. These are hiege ^ttles 

(fig. S28) without the bottom, having a hollow wall which can bb iilled 

up with liquids from the stopper. Bichromate of potassium dhuolves 

in water to formb red or reddish-yellow solutton which allows the red, 

orange, and yellow rays to pass and nbsorbs the rest of sohu light. Plants 

oovered by jars filled with this solution assimilate almost as vigorously 

as in white light. Solution of coper-ammonium oxide, however, is deep 

blue; it allows only the blue-green rays to pass and absorbs the red to 

yellow rays. Plants left in this blue light can not assimilate and soon 

die. Blue or green light is of little use to pJantOi 

' % 


Nitrogen Asnimilation.—By tbe asnmilation of carbon 
oarbo'hydrates are formed in plants. The greater part of 
the plant substance is made up of oarbo-faydrates, such as the 
ceUulose of oell'walls, sugars and starch which abound in 
plants as oell-oontents. But the living, and consequently tbe 
most important substance of a plant, the protoplasm, is essen* 
tially a mixture of various nitrogenous matters or proteids« 
These proteids also occur, though to a small extent, as Reserve 
food matters in plants (see p. 197). The eh ec^lpal changes hy 
which titiase nitrogenous substances are produced are not 
well upderstood. Besides containing mUdMm,; hjhdn^psB, and 
oxygen, tlie only oomponents of oarbo-hydrates, toe ptetoplasm. 
and tite albuminous products cpotidn a large pwOentage of 
nitrogen and small quantifiiei of stdpliur and phosphorous. ' 
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The manufacture of Uie^ very complex nitrogen com- 
pounds takes place' in the roots and the leavesi and the pre* 
sence’of light and chloroplasts is not absolutely essential. The 
nitrogen is > obtained almost solely from* the soil in tilie form 

I 

of nitrates of calcium, magnesium or potassium. Precisely 
tsk« place is not known but a class of organic 
compounds known as amides is often found in leaves so 
long as assimilation goes on. These amides coi)tain nitrogen 
besides t^rbon, hydrogen and oxygen, and are believed to 
be the first step towards the formation of the more complex 
proteids. Carbon-assimilation must always precede that of 
nitrogen, for carbo-hydrates are essential for the formation of 
these nitrogenous matters. 

The principle of tin; Bynthei.ic procosscs taking place in plants is one 
of oontinafHi reduction. All the crude matters which enter the piant| 
either from the soil or from the atmosphere, are highly oxygenated com¬ 
pounds, such as nitrates, bulphaics, phosphates and dioxiOe of carbon. 
With the help of tolar energy the chloroplasts dislodge the oxygen 
from 0 and CO^, prepare a carbohydrate, and set free the oxygen. 

This carbohydrate is Jess stable than O and CO^ and has a tendency 
to combine with oxygen. When nitiates reach the chlorophyll apparatus 
they are decomposed to ilislodge their oxygen, and a less oxidised or 
dc-oxidised product rich in nitrogen is produced, Now it is a well*known 
chemical principle that substanoes which are less stable have the greatest 
leiulency to unite, and thus we may conceive a nnion of the 
carbohyiirates of leaves and the unstable nitrogen compound. The 
I'csult of this union is an amide; similarly with sulphates and phos- 
phatts a similai process of deoxidation would result in the production 
of substances containing sulphur and phosphorous lespcolivaly in such 
an unstable state of nnion that they readily let their snlphuT and 
phosphorous combine with the amides to foim probably some of those 
things which constitute the protoplasm. By the time the protoplasmic 
suhetanoe is formed there must have taken place a series oi reductions 
iii^bereby the most deoxhiised substance knowa-*the protoplasm^is 
fottoed. It is for this reason that the chemical nature of protoplasm 
ca|i|||iipt making it extremely elosive to a 

jchem hatidHng. 
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Tiae <duel prodocto of OMlimtlatMm are 
1. Oai^-hydrates (see p. 193} of. wliioh starob* sucaTSi 
and oeUulose are the moist i&iporta>nt. 

2« Protefds or albamens (see p. 197) ot^prising oumer' 
ous elaraea of oitrogenouB organic matters. 

3« F%ts and oils vhioh are chiefly eompouods^' of 
carbon, hydrogen, and oxygen but are much more eomplex 
thim the Carbohydrates, and contain a SCeallef peroeotage 
of oxyen Iflian the latter. They are absolutely insol^dde 
in water unlike sugaie, starch and many proteidAk ' 

Distribution of Assimilates. So long as t^ere is diredi 
or diffuse light leaves prepare starch and albumelis, vdiioh 
are of course far in excess oi what could be required by 
them for their growth. The assimilated matter is sent, 
to the different growing tissues and the surplus matter is 
stored in special reservoirs. The migraticm of the assicnilat'' 
ed matters to the various parts of the plant-body takes 
place in solution ; for starch is a solid substance and oannot 
obviously pass through cell-walls, and protoplasm and prot- 
otds are colloids and consequently are incapable of diffusing 
through cell-walls. For transportation, consequently, all 
those products of assimilation, or assimilates as they are 
' called, are first rendered soluble by certain bodies known 
as enzymes. The enzymes dissolve the insoluble organic 
compounds by decomposing them into simpler soluble forms. 
Starch is converted into sugars by the enzyme termed 
diastase the sugars ^ dissolve in the cell-sap' and by the 
process of osmosis pass from cell to cell. For a long-distaiice- 
od transport these sugars travel through the vasoular bundle- 
sheath os well as through some of the parenchyma cells 
of the bundles. Brought to the undergmund parts of plants, 
or to other store-houses of rese^ ' food, the sugars are 
again convericii into starch with the help of i^o leuooplaste. 
Proteids ai-e decomposed into simpler, nitrogen compounds. 
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«uc|i as ^ptoafiiB wfaicb are livitty aolablAf ^ pn^ifidinlb 
or peptcminog enzymes fiallecl proi»qti^ aod , 
brought iato a state of solution whiob reaches i^edieim;' 
tubes and are then easily trMiHioiled over long 
Sieve-tubes and their com^uion cells are the ehief or|ans 
for carrying nitrogenous food-matters which comiog such 
reservoins ias underground stems and rootS] seeds and 
become transformed into those reserved proteids' mee^iped 
on page 197. ' , 

The elaboiatedi sap, as - the solution of the assimilates 
travelling in plants Js called, is thus conducted from cell 
to cell by osmosis, and transported from one extremity 
of the plant to another by the phloem and bundle-sheath 
tissues. The xylem, it should be remembered, is the tissue 
for the transport of the ascending or the crude sap. 

V > 

SPECIAL PROCEBSES OF NUTRITION. 

Plants which prepare their own food—carbe^ydrate and nitrogen¬ 
ous— fre^ inorganic sub&tauceb are termed autophytes, Tbobc 
which live on decaying organic matters arc saprophytes, while parasi* 
tea are plants which live upon other living bodies, animals or plants. 
All green plants are autophytes, whereas the Fungi as a class are either 
saprophytes or parasites, Tustanoes of parasites and saprophytes, are 
not rare amongst the I'bancrogams (for root-parasties, scu p. 25). In 
certain cases two plants ezist together for their mutual help; they 
form a life-paitneisbip and arc called symbionts, tlic phenomenon of 
their composite existence being known as symbiosis. 

In auiophytes the most common mode of nutrition obtains—tliat o£ 
assimilating carbon, nitrogen and other elements with the help of green 
leaves. The assimilation of nitrogen, however, is peculiar ia plants 
bel<>iigiDg to the Pea iamily (Leguminoseae). All gre^ plants get 
nitrogen in the form of nitrates or ammonia salts from the soil; they 
can not assimilate the free nitrogen of the air. Leguminous plants, on 
the contrary* form an exception. They can thrive well on a soil poor 
in nitre^n compounds a^, a$ a matter of fact, enrich it with 
. such omnpoun^ They take uitiogeu from the air and jbe it in the 
^1, Thi 9 Jthey do with the help of certain bacteria-like organisms |we- 

t*.. ^ \\ 



^ rp<^ Q^ l^gmntiiDi^ fUuits Aiid gt^ fi«e 

nni^tt^ ' txmy h^ eMiiy ittiert^ IgT figging ^ 

ftPot>% plfi^and vn^in|g ife free frota the adlierlaf io^l. The 
Titmf ^jnctfsouely minitte mtoroeooplo bodies whMb {leisetiate the tool- 
halre ^ form of extreswily thiutubee «i»d «^9MBbii»g the oorletK form 
exteaeiTe^f^oniee in the eelle The oortieal oeIt| are abodrnmUj ettmu-^ 
lated afjd grow oat in the form of taberdee. *te rerj ht 

fitai|eh receive tiny diTlsiotu of the ^uoalar hnndiee ham the roo^ 
The blK 0 teria[k& absorb Urn nitcogon from the hir, coanrevt A Ihto feme 
nitrogen oompohnd which ie readily asBimilated l^the plagt^ mod 
return get a aafe and congenial home as well aA an ahli^)i|^eupply of 
carbohydrates. ' Thus here ia a symbiosis. The baoteHofds bislpfng tjhe 

plant with nitrogen, ami the plant helping its gdest with carbohydrm!^ 

^4 

Far more extensive than the above are the symbiotic relationiilip 
which many Fungi forms with certain forest trees. The roots of such 
trees arc commonly surrounded with a thick coat of fungal threat}«. 
Caicfui examination shows that thebe felted roots do not gederaHy pro-> 
duoo any root^hairs but that the woiic of the latter, that of absorpCi^ 
of nutiimenti is perlbrmed by the hair-like threads of the fangos. The 
symbionts mutually derive great benteht from their life-partnership, for 
the bed of the forest is very rich in decaying leaves and organic matters 
which form an acid humus injurious to root-hain and ineapable of being 
absorbed by the plant unless first absorbed and xmidered harmless by the 
action of the fungus. Such a symbiotic anion is called a mycerhixo. 

Another instance of symbiosis la afforded by certain plants known 
as Lichens which were formerly regarded as a distinct class, but ai'e 
now known to be made up of Algm and Fungi in intimate life-partner- 
ship. The contoon Lichens are those which arc observed as a greenish- 
white incrustation on Palm trees and bare rocks. The Algse of the 
Lichen being green assimilate oaibon like autophytea but as they live 
on rather smooth surfaces the Fungi are of use in enabling them io 
absorb water and to remain attached to placet where otherwise they 
could not livi| The Algie help the Fungi with carbohydrates; the 
Fungi help ths^lgm with water and minerals and a secure position^ 

\ ' ' 

' Insectivorous plants 

( 

Of all the variom forms of nutiition I't^'aatophylH none is more 
leuarlwhlc thSn what tiUces place in inseOtivofoiM plants. Although 
tiiejr ar« green plants and quite fit to assioailai^, they seem to have adopted 
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oositriTance of Beoimiig ,^trogeiumf food, 
of wat^-loggcd plaoesy^or plaoeg po«»r in Bitrogo« phoif^omofl 
coD&pouadBf and the general oouditiongof tbe aoil aiul 4kie Ikfciaogiiibere do 
not offer a tolerable trauBpiiation, Consequently their Iram 40 not 
get that oontinuous and rapid supply of minecal salts [ishicb alone ean 
afford nitrogen and phosphorous] which ie^tlw rule in other green plants. 
Henoe their peoubar aiteptations to secure nitrogenous food from the 
insect wwkJ, ' . ^ 

In some insectivorous plants {s§e ffw cobiai^ the isave^are 

modified into hence these plants are c^ll^Vpiteiiaar 

In MpuafAss, an American climber^ the petiole is irary lOngjiMMt acts 
like a ten^il at its lower part while the upper part forms tiia hOUow 
pitcher, as shown in fig. 320. The iandna of the I4af ieeatremely 
reduced and forms only a small scalc-like lid arching over the pitcher. 
The pitcher is attiactively coloured and tho rim is smeared with a sweet 
and fragrant honey. The inside of the pitcher is very smooth, so that 
insects trying to descend from the rjm where they first land slip dow'n 
and are drowned in the liquid contained in the pitcher. This liquid is 
Wereted by small glands lining the cavity of the pitcher, and is an acid 
fluid containing digestive ferments. Insects falling into this liquid are 
killed and become gradually digested by the liquid is then absorbed 
b> the plant to supply it with nitrogenous food. 

« 

Other pitcher plants, the Sarmcmjl!^ and DartkgtemlaSf form 

their pitchers in rosettes on the ground, Tltc 
pitchers, or ascidia as they arc also called, 
are here too inilated and hollowed petioles with 
the lamina reduced to a small lid at the Aop. 

Other insectivorous plauta have leaves 
which can actually catdi small insects. 
These arc callotl flytraps. Id the Venus* 
flytrap (Dionea) the leaves are spread flat 
on the ground the petioles forming a 
pretty attractive velvety cushion. " Tho 
lamina consists of two Jobes the two'sides 
o£ a midrib, each lobe havir^.a ciliated mar- 
gip. There are a few sensitive bristics on the 
Butfaoe which when touched by an insect 
instantly causes the two lobes to fold up and 

tbo pitrficr 1 the the margipal teeth bewm^ihttQ inters 

IftnilBit. ’ locked. In thi«. /myty an insect 

imprisoned^ ^nd gradually etrai^led and 



Fig. 829, 

—a pitcher plant; P, 




CfMbtti to (te«th. Bjr.tbili nMh i}flK>lii^ 

dead body with the help of feiriae&, and the ]hhM-tiutafonae^t'lti 
absorbed by tl# plant. The leaf then opens^teady'Kif the n«zt Imdil 
to be simnarly trapped. ' 



Fig. 330. Leaf of Dnstgs with the tentacles folded on an insect. 
Fig. 33t. The (fame with the tentacles OQtBpread. 

* kO 

Another emnmon ta' certain taarglies of Bengal, is the 

Sundew {Drosm^)> The iamiua here i» nmodfeh and*^ boai*a a large 
nninbcr of delicate wine-red filaments ending in a glistening head. Hmall 
ci’eatares are allared by the sparkling honey drope, at the top of the 
filao^tfi V hich shine like tiew drops but as soon as they alight they are 
belli fast by the sticky secretion, and can not escape as the fili^eHts 
bend towards it trom all directions. The more the inleot str^gtea the " 
more these (as the filaments are called) onrJ over its body 

and secrete at the same time a copious fiuid which chokes up the 
creature, kills it, pid tbeo^raciaally dissolves its body. After a time the 
notritfve tinid is absorbra by the plant and the tentacles again open 
font laying the tmf for t^ next insect. 

In another plant, called Fbigmtdat (see plate), the leaf 

becomes slowly rolled up from one margin to another when insects 
crawl on its inrfaoe. 

In Utriciddrh$9 a family of floating plants fonnd in the marshes 
of Bengal, some of the leaves are transformed into Mnall bladders with 
a smfidl opening at one side« Small water-mites and slo^s seek shelter 
inside > the bladder, bnt once within it they can not come out. Thus 
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Uiqr die and then tbdr body iis diflsbWed by M. «eld netmtk^n 
0 i Tiokig the interior of the blndder* 

Nt^tioa in Svprophytd* eod p|fMifM»^Tbe a eia«» are 

either'aapropbytefi or parasitee ; theif ttpeciai mode ei nntrition will be 
deeenbed in the eectioii on Fni^U Saprophytic phanerogamt are rather 
rare. On the contrary there are ndany mwering plants which Hte 
paraeittoally upon other phtnU. The Atkoo^hy or Swamn^laU {cHSCuta) 
mentioued ob p. 26 is a oaee in point. This plant is b iofal paras^ ; it 
has no lekvee and little cblorophyli and eonaists of r^ieatedly branched 
yellow wire-Hke eterns. It does not assimilate car boil '%t n!tr<^;eh bat 
gets organic food matters from the host plant. The sceti contaiim a tiny 
thread-like embryo. On germination a short root is sent to the groond 
an^ the ahoo^ elongates rapidly and at the same time makes sweeping 
movements in the air in order to catch boi<i of supports. If it meets 
with^a suitable soft-oortexed plant, the stein goes on coiliug round it. 
Short whitish protuberances now appear from the stem which penetrate 
tissaeS of the host plant. These are haustoria (p. 26), the peculiar 

C rentitlous roots of the plant. The primary root by this time rots away 
1 the plant is separated from the ground. The haustoria .^en well- 
devcloped prepare zylem and phloem tissnes and those fuse with the 
corresponding tissnes of the host. Thhs the solution of raw food-matter 
absorbed by the host from the soil cravels through the zylem of the 
parasite. Similarly its phloem taps the assimilated organic substances 
prepared by the host and oanducted by phloem. The parMlto really 
robs tbe^host plant of its food and may cvcntaaliy kill it. 

Another common parasite is the Ortfboit^e —a flegh*oalonr£d plant 
often detected on cultivated grounds amongst various cultivated plants, 
Jt is a root paras^ that is, it giows with its roots attached to the roots 
of other plants—Brinial, Bugar-cane, Sush-kuah eta It has no 
green teaves ami no chlorophyll and hence depends entirely upon the 
host plant for the supply of assimilated food. 


V 



CHAPTER XXIV. 


RESPIRATION. 

Like aninjale plants also must breathe m order to live. 
They take in oxygen from the air and give, out oarbon 
dioocide (COs) and a email quantity of wi^rvapour. This 
prooeis is called respiration.. It can be shown plaoiog a 
small plant or a few seedlings in a tumbler which is then 
kept with its mouth covered in a dark phme for twenty- 
four hours. A lighted taper is tbeu introdoeed when it is 
instantly extinguished. A quantity of limerwater is also 
poured when it turns turbid and milky. Utese tests show 
that there is no oxygen now in the air of the tumbler Imt 
instead a large quantity of carbon dioxide. The fact that 
water-vapour is also exhaled by plants cannot be shown 
so readily I hut in favourable cases the tuiaNer in the experi¬ 
ment will appear dimmed with moisture. The dimness 
arises from the condensation of the water-vapour given out 
by the plant on the sides of the tumbler. 

Fig. 832 shows an apparatus for demonstrating respira¬ 
tion. F is a -flask with a long neck the open mouth of 
which dipi in meroury contained in a trough. The flask is 
partly filled with capitulas of Sunflower (or with flowers 
which do not wither readily, or with germinating seedlings), 
and a plug of cotton (C) is pushed into the neok so that the 
flowers do not fall when the flask is inverted as shown. A 
little strong solution of oaustio potash is then introduced;' 
into the inverted flask standing over the merouiy. A 
similar apparatus is fitted but without the potash., Both 
ai’e then set apart for several hours or days. After some 
six or seven hours it will be noticed that meroury rises in 
the neok of the first flask. It goes on rising for some time, 
SO 
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for th« next ibwMitjrfour to f orty'«ght )}<mn> after whieh the 

mercury eojliimn remeini 
»I 7 . In tlie aeooi^ fiaak there 
is ^paren^y no ohengct The 
eapilamition ie that (he flowers 
take up oxygen from the air in¬ 
side the flask and give out oarbon 
dioxide; the latter being rapidly 
absorbed by the potash the 
mercury riws (W), but it cannot 
rise above a oeriain limit. For, 
the volume of the mercury 
column indicates the volume of 
oarbon dioxide evolved l>y (be 
flowers, and this can be never 
more than one-fifth the whole 
volume of air cor)tiuned in the 
flask. * One-fifth the volume of 
air is oxygen, the rest mainly 

Fig. sa«. Apf»ratn« to nitrogen, and so the experiment 
ohow ,«pir»tion in piante. 

dkmide emhaltd is equal fo the «ehif»« of qssgen absorbed. This 

is corroborated by the second flask the Volume of air within 

which remains unaltered. Here potash is not us^ and 
* 

hence the carbon dioxide evolved is ndt absorbed. ■ If now a 
quantity of potash be Introduced into it the mercury rapidly 
rises and comes to the same level as in the first flask. 

That oxygen is abaoUitely neceanoy for the life of 
js plant may be shown J)y placing small plains in large bottles 
tbo- air pf wfaiob is replaced by various gose's-^ oarbon 
dioxide, hydrogen, nitrc^en and so on ^g. 333). The plants 
rapidly wither and die. 

^ an atmosphere devoid of oxygen all vital activities 
stop, VMious movements of flowers, leaves, stomata, 
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Demof dtm- toko; {lf«e« 

dtefl df shear Mhaiw^cm. if oatf i^ be 
it ift tool lata the lotai^ptad vital 
fmie^ooe are revived aod plaiit' 

ag^ looks healthy. "' 

f ' • 

'It will be noted that rsspinitimi 
fttV(^vee an evolataoif of oik^q dlox* ' 
ide and abaorfitioD ol ozygee-^pro* 

^ V 

oesBes diaaetriaaily oppoebd to what 
takes i^e in aMimilation. Only green 
parts of plants erolre oxygen and 
absoib carbon dioxide from the idr 




mi 


the '^bnt 
befole 



(phcnn-synthesis) only so long Os there 
is light. But all Jmnp peartt plants 
taht in ooffpom from the air and pim 
pui carbon dioaida (respiiatioo) itM 
bp dap and niphi. Hence it is not 
easy to show that gi'cen parts of 
plants are respiring during day time* 
for the process of assimilatioii takes 
place far more rapidly than respira* 
tioi);^ia light assimilation masks respiration completely.^' 
If kept in the liark, however, even green parts of plants 
may be shown to be ooutinuously respiring. 4f >» the previous 
experiment (fig. 332) gieen . leaves be taken instead of 
flowers and the apparatus exposed to light the ascent of 

’W 

mercury will not take place at all, lor respiration is oounter- 
balanoed by the aasimilatioD of the carbon dioxide that is 


Fig. 838. Ai^arstofl 
to show that plants 
can not live in an 
atmosphere devoid of 
oxygea ZHger^ 
gases Can be. passed 
tfaroagh the tJ babe 
into the beD'lar 
which stands m a 
glass v«8el containing 
water. 


given out Thus, whi|e light and ohleropbyl! me conditions 
absolutely*necessary for assimilation. 


. Conditiona ^afiecting respiiatkm are :-~(l) Vi^pan — 
this is absolutely necessary for no plant can live if 
long deprived of oxygen. (2) fftat— respiration is greater 
the hijhvr tbo temperature. (3) Onlp living and octim parte 
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ptanh Tttpirt, Seeds end spores tteing dormai^ for 
some time after they are formed do not respire until th^ 
germinate. (4) Rapidly yrowind parts respire vigorautly. 
Seedlings if kept in darkness respire strongly and become 
abnormally elongated^ Any condition tending to retard 
growth also retards respiration. (6) Me^raiitm takes place 
in liffhi as smU as in darkness. 



Fig. 334. Appa- 
ratUH to show 
t'vo!utioji of heat 
in rcBpixation. 


Heat is evolved in xespiration.—Tbis 
can be shown by arranging an apparatus 
like that shown in fig. 334. A number of 
germinating seedlings with a little water 
are taken -in a bottle the moutb of which is 
closed with a cork provided with a thermo¬ 
meter and a bent glass tubing. The ther¬ 
mometer is pushed right into the seedlings 
and the glass tubing is connected with a 
bulbed U tube containing pumice soaked 
in potash solution. The seedlings take up 
oxygen from the air in the bottle and a 
stream of air is sucked into the flask owing 
to the carbon dioxide evolved being absorbed by the potash. 
The thermometer registers a temperature higher than that 
of the air. The same apparatus may be taken to show that 
the heat given out is proportional to respiration. Any 
thing which increases respiration, heat or oxygen, for 
instemoe, causes also a relatively higher temperature. 

Oxygen absorbed for respiration is used mainly in oxidis¬ 
ing the protoplasm and its plastic products. This oxidation 
l)eing a process of slow oombiwtion gives rise to heat and 
gives energy to the protoplasm to carry on its many-sided 
functions. It also helps to break up the many complex 
matters produced in plants into simpler substances which 
may be at once utilised for growth. It is for this Reason 
thotTespiralion is very active in seedlings and growing parts 




of SomoHmesi boweveri oarboo dioxide ii expired 

vitliout the abiorption of ODfcygen. This may be pbserted io 
many seeds which germinate even in the absence of oxygen, 
This sort of respiration is called intrainolecttlski or 
respiration. 

AssimiJatlon and reflpiratton form the two chief procossei of matabo- 
Iknt. By metaboliem is understood all the varied ohemioal changes 
which take place in the plant body. These axe f^lnolpally of two types : 
(1; ' friges which resolt in the ocnstmt^ion of plastic 

products, and (2) D$sintcti9$ changes whereby these prodnots are, 
decomposed and degenerate into waste matters. The cooBtraetive pro¬ 
cesses constitute anabolism \ the destructive processes constitute cata*^ 
holism. Photo^synthesis is a typical case of anabolism, respiration Of 
catabolism. The points of distinction between these two are ;— 


Respiration 

[1] The simplest and most 
essential catabolic process—be¬ 
ing one of treating- 

[2] Involves absorption of 
oxygen and evolution of carbon 
dioxide and water vapour. 

[3] Takes place iu all living 
organs, in every living coll 

[4] Takes place at all times, 
indeiwndent of light. 

[5] By it a plant loses 
weight. 


^koto-syndiesis 

[1] The simplest and most 
essential anabolic process-^be^* 
ing one of /§9<bng. 

[2] Involves absorption of 
carbon dioxide and evolution 
of oxygen. 

[3] Takes place only in 
green organs and cells contain¬ 
ing ^^loroplssts. 

[4] Takes place only in 

light. 

[5] By it a plant gains in 
weight. 

may bo mentioned the formation 
mucilage, resins, latex and so 
and are stored in inter- 


As instances of cajtabolic changes 
of such waste maUeis as gums, tannins, 
on. The products of catabolism travel through 
cellular spaces, latex tubes, or special glands. 


SUMMARY. 

Assimilation is the process of building up of plant-substance from the 
crude food-matters absorbed from the soil and the atmosphere. Carbon 
assimilation or pboto-synthesis is the chemit^l process whereby carbon- 
dioxide and wat^r unite under the influence of sunlight to produce 
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owbo-fajrdnttes^ snch ss sugar and atarefa. Ife takes [^laoe in aU Igjtma 
pai;to of pktnts and in preseno*' of light. Ohlon^lMts tstt the otigana lox 
ahonrbing a part of tolar energy and trftb its help they imite obomioaUj 
carbon dioxide and water to form stigar or starch which it the first 
timble prodnot (d atsitailation. a oarbo<hydrate is formed . 

nitrogen-ateimilation takes place. For Ibis poTpcae carfao-bydxstM ate 
estential and also nitrates of calciom, potaasiom, or ammoninm. The 
prodaete of nitrogen-assimilation are varioas kinds of trbtoh 

are complex nitrogenoot componndt. Snlpbor and pbospboront are alee 
chemically united with the carbo-hydratet to form still nmm oamplox 
componods. 

The prodoots of assimilation are^tfissolved by certain bodies, termed 
ensymeej the tme nature of which is not known. An aasimilated sap 
w thus ftnmed in plants, and it travels in the plant tbrongh tte 
TSBcular bondle*Bheaih and tha phloun. 

Boring life ail organa carry on an oxidising process whereby, 

latent energy is rendered available. This is Raspiraiioiia In this 
process oxygen from the air is taken in and carbon dioxide and water 
vapour are given oat by plants. Though a destructive process respira* 
tion is absolutely necessary, for without it the constructive process of . 
assimilation can not worh. ^ 

I 

QUESTIONS. 

t 

1. Describe an experiment to show vtbat only green leaves can 

assimilate carbon- ^ 

2. Explain how starch is fonued in leaves. 

8. Give an account of the way in which plants assimilale nitrogen. 

4. Give an account of assimilation in leguminous plants. What 
is myoorhisa f 

5r What is respiration f Distinguish it from assimilation. 

6. Describe an experiment to show that plants must breathe in 
order to live, 

7. Wbat conditiohs are xtecessaiy for (u) assimilation and \i) res- ^ 
piratimt and why f 

8. Write what you know about insectivorous plants. 

0. Explain the teims:—UetaboHsm, symbiosis, intrO'inoleonlar 
respiraikm, pboto-synihesis, ensymes, and anabolism. 



chapter XXV. 

.GROWTH 

' . .A ' . 

Growdi does not mean a mord inorease iti Yolame. A 
drim) and ^rivnllnd grape or rauin or a date will awell 
Qp in water* ^ but that doea not indicate growth, Qfo#th 
means a permanent change in the form of a plant* and ean 
take place only in living parts. Hxis change is genOrally 
seen, to be an increase in volume, but there may atao be 
no inei'eaae at all* and an actnal loss ip wmght may ooouti* 
due to respiration and transpiration. 

' Conditions essential to growth are ^(0 Waters 
All growing cells and organs require water* for {a) it makes 
the cells turgid, (b) it is a constituent of protoplasm and" 
the plastic matters* (c) it is the medium of chemical ohaages, 
K'and (d) it serves to conduct the varuHis food-matters 
required by the growing organ. 

2. .Temperature, which must Dot be either too high 
or too low. It exerts an important influence on absorption* 
photo'synthesis, rate of digestion, respiration, and so on. 

3. OMpgen, which is necessary for respimtion. It is 
well-known that growing organs respire vigoroosly. 

4. Plastic or nutritive materials which are necessary 
for the building of new cells and protoplasm, and for 
increasing the materials of existing cells.. 

V Regions of growth—Young growing organs, such as 
Tgrowing stems and roots, exhibit tsto more or less distinct 
zones. In one the cells divide actively, but grow little } 
in the other cell-division is greatly diminished or altogetlier 
Itoking, and the increase in si to of tire cells pfouotuieed. .The 
former consists almost wholly of ^meristem and may he 
called the smur ditastot, while thb latter consists .of cells 
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more or lew modified into pare^yma and may be term^ 
tiie eone of Elongation. The aone of division is, far shorter 
tboh that of elongation ; it ooonpies the tip of the growing 
organi and the zone of elongation extends back from it for 
a distance several times greater; Elongation is greatest 
just bt'low the meristem and it decreases gradually towards 
the permanent adult tissues of the organ (see pp. 205*—7). 
The region of growth in the stem is as a rule much longer 
than that of the root, while in several twiners it' may extend 
over several feet in length ! 

The rate of growth of an organ (of every cell of a plant) 
varies gradually throughout its course. It begins slowly, 
increases to a maximum, and then becomes slower till it 
stops. The time during which these regular changes in the. 
rate can be observed is generally spoken of as the grand 
period of growth. At the very apex of an organ the cells are 
merely dividing, growth consists mainly in an increase of the 
quantity of protoplasm and cells ; as new cells are oontinu* \ 
ally formed from the meristem those which are farthest from 
the apex cease to divide and a different process of growth 
takes place in them. This is growth in volume or extension. 
Lower down the cells gradually pass over into a state of 
decreasing growth and ultimately into the condition of per* 
manent tissue. 

External factors exert a powerful influence' on growth ; 
all elongating organs are highly sensitive and they modify 
growth in response to .the influence exerted by the parti* 
cular soil and climate in which the plant is growing. 
Growth in the sense of elqngation is greater when the ex* 
ternal conditions are. moderate; this is the optimum state, 
as opposed to the masimvi/m and minimum states. 

1. Light, though one of the prime factors for assimh 

« 

lation. definitl^ retards growth. A plant kept in darknew 

S * 

eloc^tes more rapidly than when it is in light. Plants 



< ■ 0ftowra ; . ^ 

^lob itv« In many loc^tltiea ora of • appnarnn^ 

irliila wfaioh" live in shadf* j» ^teaber^ blkve 

ttenelly long internodea. Inkmi li^ 6auu$ « cessation e/ 
g/owf&i'and in proportion as its intensity Ohniinishea elonga' 
i^ob of oigam> sepMiiUly of tbeatem, is favoared. It is for 

* ‘ f* I • 

this l^at plants growing in hot i>Iaoea» ivhere for ii^^itiiaoe 
tbs'tropical sun is directly overheadr^are abort, stiff and 
woody, and shade plants are soft, , lanki 4^ipat«, elongated 
and have soft*textured leaves. Long*eontieaed darkness* 
however, acts injuriously on pi ints j they fail to aenmikle 
but elongate abnormally, turn yellow and then die. This 
happens beoanae a moderate intensity of light is required* to 
stimulate the protoplasm to carry on growth-processes; 
failing th& . it is broken, down or disorganised by 
eontinuous respiration. An exposure to light, if darkless 
has not prevailed too long, is often sufficient to revive'a 

•i ^ ' 

dying plant. 


Light alro determines the diredum of grovdng oroan. If a 
small Sunflower or any common pot plant be kept before the 
open window of a partially darkened room it will be observed 
that within a few hours the stem bends towards the 
window... If a sprouting Onion be left suspended by a thread 
bebre the window of such a room for a day or two, or long 
etiough for the formation of a few roots and the green shoot, 
it will be noticed that the green shoot is bei^ towards light 
while the white roots point away from the window. This 
shows that the direction of a growing organ is regulated i|t>y 
the direction of the incident light. Several small plants, 

I. f* ' ■** 

Kaohoo (Cohe^sia)' for instance, commonly growing near the' 
the margins of ppinls and marshes, turn their leaves towards 
the east in the forenoon and gradually bend WMtwards On 
the approach of dusk.' This movement obviousl/takes place 
to c^h the direct rays of the sun. Ulis phenomenon is 
known as heliotnopinn. The dboot always movea toward* 
20(a) 
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Bont'ee of 4ight, it seeks ligfat and benoe is said to be 
pmtmJif heluUropic. Tbe root always moves away from 
light, it M negofively htliotropie. It is for tb's that roots 
of some olimbei's and epiphytes seek the crevices in tbe 
bark of the supporting tree. Often leaves and branohes 
move in such a way that light falls perpendicularly on them ; 
they are traaswrfeljf kfUotropic, This transverse heliotropism 
may he witnessed most conspicuously in plants which trail or 
spread on the groniid, such as the Amrool'shak (Osalis), or ip 
rhizomes. ’The leaves turn and twist the petioles variously 
and always secure a position in which their lamina is spread 
almost horizontally to catch the direct rays of the sun. 

Growth is influorreed only by a part of the solar rays. Of 
the seven coloured rays which constitute solar light, the 
red to yellow h.alf only is of importance in assimilation. 
Exactly the other half, namely the blue and violet portion> 
is concerned in growth. This can be shown by the 
experiments with the double-walled bell-jars described on 
p.ige 296. Two seedlings of Sunflower or Pea, say, are 
placed separately under two jatw which are left before the 
open window of a pirtially “darkened room. The jars are 
filled one with the red bichromate and the other with 
the blue ammoniacal copper oxide solution. In a sboit 
time it will be noticed that the seedling under the blue 
jar bas bent towards the window while that in the other 
jar has not appreciably changed its position. If' kept 
Tong the seedling in red light will show abnormal elongation 
and etiolation, that under the blue jar grows but little. 
This showe that normal growth and movement can take 
place only in blue, and violet coloured light. If kept longer 

I 

and the necessary conditions for nntritidn be fulfilled 
(excepting of course light) both plants die; one for want 
of assimil^on and hence from sheer exhaustion (blue light): 
"tbe other (red light) for want of that moderate stimulation 
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by light without which growth cannot go on. The plant 
lander red light grows ae if in darhness. 

2. Moisture also directs growth. Thus roots ,alrrays 
move towards .moisture. This phenomenon is called hydxo> 
tiopism. The root is said to be pmHively hydr^ipic, 
while the stem is negatively hydrotrtpict beoaune it moves 
away from moiaturet towards air and light Presence 
of moisture in the soil greatly determines fihe form of 
the root. Plants growing in marshy places have seldom 
any bug tap-root, for their stems (^piously prodooe thin 
fibrous roots. Desert plants, however, have to seek water 
from a great depth ; their roots elongate by virtue of their 
hydrotropism, ultimately reach the sub-soil water, and 
hence are abnormally long and stout (p. 19). 

3. Like light and moisture, gravity also is an important 
factor ill determining the direction of growth of an organ. 
Gravity no doubt pulls all things equally, but it stimulaki 
growth differently in different organs of plants. The pheno¬ 
menon of the growing organ moving under the influence 
of gravity is known as geotropisna. The main root always 
grows downwards, and hence is said to be posiiivily geotropic. 
The main stem always moves away from the earth, and 
is hence negatively geotropic ; rhizomes and branch-shoots 
arc transversely geotropic, they place themselves at right- 
angles to the lines of action of gravity. 

4. The temperature of the medium in which an organ is 
growing also influences its growth. No growth is possible at the 
temperature of ice, nor at that of boiling water., A moderate 
tempemture is essential for growth, but within certain 

limits gi'owth is greatly accelerated by heat or warmth. 

Tbe above are the most impoitant factors which univerMilly 
atfect plants. Others of lies impoitaUce are : the nature of ihc 
climate, and the salinity, porosity, richness or poverty of the soil of 
tbe locality in which a plant is living. These also operate on the growth 
ef plants and give rise to what are oafleti growth*forms, Ecology.) 
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a 

REPRODUCTION. 

RepTo<iactkm means tire production o{ new plants out 
of a iQ^ure parent. A plant cannot grow indoftnitely; it has 
a definite period of growtli. a definite term cl life, so to «ay. 
But normally«11 plants reproduce themselTes before they die. 
There are yarious methods by which plants are reproduced ; 
these are of three principle types } (1) Fspefoftee rtpFoAwtwti, 
(2) S 0 ttuol reproduction a.nA {^) Atesual reprodudion. 

a 

In vegetative reproduction parts of a plant, specially 
developed for the process, separate from the parent plant and 
develop into new plants. 

In. sexual reproduction, a more complicated process, 
two kinds of reproductive cells are first formed, neither of 
which is capable of farther development, and both. may 
perish unless opportunifieB are given for their fusion with 
each other. The reproductive sexual cells are called 
gamete!. 

In Asexual reproduction single cells, called spores, are 
separated from’ the plant, and these develop into new plants. 
It is not known in higher plants but is common in the 
Cryptogams where these spores are formed in very large 
numbers. 

Vegetative reprodaetion in higher plants comusts 
merely in the separation of lateral shoots or special buds, 
or in the division of a single plant into several. Thus aqua¬ 
tics and herbaceous plants multiply very rapidly by produc- 
ing stolons, offsets, runners or rhizomes, conns, bulbs, gnd 
tubers. The parent plant producing these special fosms of 
shoots dies after a time, and a crop of new plants is then 

ifornled; which separate from one another by the rotting 

* — * 



«w«y o| tiie "eonneetisg Tfil> 4 ei«^ of 

un^rgroosd thoott (see pp. 3^! to 34) Mtotalo larg« ivtores 
of looia. nsttor at the expense of vhieh, W>e aoperfidal **?o|feB ” 
pt bade tproat up into new pianta. For iuokfi^ a^i^iW) 

runneri and offaete see pp. 30 to 37. > ^ 

‘ ^ ' 1 ; 

Aerie} hada end tobers are also formed in oerlaiB lill^eir 
plantot whn^ eeperete Itoto tiie parent and sprout np She seeds. 
The adveratHaons l^ds in the leaf-marghi of BryeptiyfitoiB 
(p. 43. fig. 62) ans mstanees. In certain LiHes ssnaS hulhs 
are formed in the axil of the braet-leares ; these are eapeoi’* 
ally constructed with a view to detachment frmn the parept 
plant, and are called Imlblia. An instance is 61^a 6tt^* 
f4ra, a creeping herb which produoea small bullals in 
the axils of lower bracta of .the infloresoenoe. When the 
plant dies the bulbils remain on the grouitd nnd give rise 
to new plants. The Eham-aloo (fig. 47) produom little 
tubers on their climbing stem which separsto from the plant 
and falling on the ground produce new- plants. 

Special ‘ multiplying shoots, such as stolons, etc., are not 
formed in larger shrubs and trees, but it is well known how 
simple it is to increase and multiply a plant by cvitings or 
graftingf. The common fruit trees, Mango, Litphi, etc., are 
thus propagated 'by gardeners; also the Rose, the Marigold, 
and other flower-plants. Some pla' ts, such as the Saiina, 
are very readily increased by cuttings ; all that is necessary 
is to lop off a branch and plant it. 


Sexual reproduction in its simplest form consists essen¬ 
tially of a fusion of two protoplasm m^ses or naked cells 
called gametes. The gametes unite to form a sigote, which is a 
single celLfittm which by repeated cell-division a »ew gene'- 
ration arises. In the lower plants the gametes are very 
simple in structure, but are often distinguishable as (1) a 
Ifirge female cell or ovum, oonsisti ng of a nucleus and large 
cytoplasm, and (2) a small mptiie cell or aponuutoxoid, 
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contlit>i»g of a large nucleus and tiiin eytoplasm wiili eilia 
(see p. 167). The prooese of sexual union is called ferftiiAT/tm. 
Both the sexual cells are naked ; they have no eelhwall. 
In the higher plants (Phanerogams) the male cells are not 
motile because they are not ciliated. The process of sexual 
reproduction differs in the different classes of plants and 
will be described under them. The following account refers 
only to higher plants* Dicots and Monocots generally. 

Fertilisation in Angiosperms (Dicots and Monooots) 
takes place after pollination. The pollen-grsin germinates 
on a suitable stigma ; the extiiie is either burst or perforated 
and the intine bulges out in the form of a short tube (fig. 218) 
which grows into the tissue of the stigma feeding on the 
juices it contains. The tube grows down through the tissue 
or canal of the style Into the cavity of the ovary. When 
it reaches this it is attracted to the micropyle of an ovule. 
It then passes through passage (micropylar) and pierces 
the tissue of the ovule until it reaches the embryo-sac (p. 119, 
fig. 214). 

The embryo-sac is a single cell of the ovule. By the time 
the pollen-tube reaches the ovule, the embryo-sac is fully 
developed. At first it swells and its nucleus divides 
successively into eight daughter nuclei. Three of these move 
towards the upper or micropylar er.d of the embryo-sac and 
three towards the lower end, while . the remaining two, 
ealled polar nuclei, move towards one another in the middle 
of the embryo-sac and fuse to form the secondary nucleus of 
the embryo-sac. The three nuclei at the micropylar end' 
collect protoplasm about them and so form three naked 
cells. They constitute the egg-flpparobw ; two'of them are 
similar and are termed the synergidee, while the third which 
lies between them is the egg-cell or ovum. This is the female 
ssxttol cell (Ooplam) or gamete which is destined to be 
lertClie^;.!:^ tibic male sexual cell of the pollen-tube. The 
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t)ire« miclei at the lover oik} of the embigro^flao themeelires 
are called the aitipod'il cetts. The egg*appaf%tua is oonoeraed 
iri fertiliMtion. The antipodal oella have no farther use. 

In the pollen-tttbe thera is a large naoleas or oahai cell 
distinct from the nucleus of the poHen^tube itself. This is 
embedded in the frothy protopla^ of the pollen-tube and 
sooner or later divides into two generatim nuclei or nude 
sexual cells (spermatoplasm) which are carried into the 
einbrj'o-sac by the pollen-tube. At the moment the -pollen- 
tube approaches the embryo-sac, the synergidae ooIIb either 
dissolve or secrete a substance which guides the generatiye 
nuclei to their destination. Then the pollen-tube reachee 
the embryo-sac, its tip bursts and the contents escape into 
the embryo-sac. One of the two generative nuclei fuses 
with the nucleus of the ovum, 'while the other fuses with the 
large secondary nucleus of the embryo-sac. From the fertilised 
ovum, which soon after surrounds itself by a cell-wall and 
then repeatedly divides, arises the multicellular embryo, 
and the nucleus formed by the union of the secondary nucleus 
and one of the generative nuclei of the pollen-tubo consti¬ 
tutes the endosperm nucleus which later on produces the 
endosperm, 'fho ombryo-sve is then rapidly enlarged. The 
endosperm nucleus then rapidly divides into a largo number 
of nuclei lying in the protoplasm lining the wall of the 
embryo-sac. Coll-walls are then formed around these nuclei 
and thus a multicellular tissue called endosperm arises. 
This peculiar form of cell-formation must be conti'astod with 
that given on p. 204, and is known as free nuclear 
dimion. The cells of the endosperm become gradually filled 
with reserve food .matter which nourishes the embryo 
(p. 164). Within the embryo-sao. then, we get two tissues 
developed: (l) the embryo, and (2) the endosperm. The 
endosperm cells become gradually filled with food-matter 
and it often grow at the expense of the tissues of the 
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nttQtilliii. Tb« eelia of tb« oii$is49 dmbtsni'aw^. 

too* beeQ»i« fillip witb {ood‘Bial^ and ooaiibitQte tiw 
perieparm (see p. 158). ' , * 

The fertilised orvaa first eeeretes a- atxi tiien 

Fig. 336. Fig. 336. b^liS tO (HtMe. 

At first a rosT of 
oells. called the 
jprOreeiirpo, is ptlo- 

sr ^ duoed (fig. 385»!2) ; 

the end'oell of this 
ij f swells op and theo 

^ divides, not in ‘ a 

row, but on all 
sides, so that a 
globular mass of 
oells is formed 
(fig. 335,8). From 
this by repeated 
cell’division the embryo is formed; the rest of the pro-embryo 
forms the sttspens(»‘ which sinks in the endosperm tissue and 
sucks up Nourishment from it. In Dicota two cotyledons 
are formed at the end of the growing embryo (^g. 336), and 
the growing point of the shoot originates at ^e base of the 
depression between them. In Monooots there is a single 
large ootyiedon, while the growing point is situated laterally 
at the base of the cotyledon. 



( 3 ) ( 2 ) (11 

Fig. 869, 1, 3, 3, shows the grnctoal 
development of the saspensor and embryo 
from the fertilieed ovam. Fig, 336, the 
embryo developing two ooty!edoi>e. 


(J^or FertiH^lien in Qfmnospemu, and Cr^ptOffams 
Fee Chaptere XJXt to XXXIII), 



CHAPTER XXVn. 

MOVEMENTS OF PLANTS. 

Kinds of movements—It has been already said 
that the protoplasm is highly irritable and so also are all 
young growing parts. This irritability is manifested in 
plant-organs in the form of movements. These are mostly 
changes in position; an actual bodily transport or looomo- 
tion, as in animals, is obviously impossible in plants. The 
various movements in plants are typically of two kinds : (1) 
spontaneous or autonomous movements which take place 
automatically and are due to internal causes not clearly 
understood, and • (2) paratonic or induced movements 
brought about by the application of external stimuli, such 
as heat and light, moisture, contact with solid bodies and 
so on. A certain class of movements, known as variation 
movements, takes place in mature organs, where an alterna¬ 
tion in the turgidity of the cell acta as the immediate cause. 
The spontaneous and paratonic movements are generally 
connected with growth and hence they take place mainly 
in the young growing parts of plants. 

Spontaneous movements. —These movements are very 
'dearly observed in all young growing seedlings, in growing 
tendrils, in young leaves, and during the development 
and opening of flowers. The elongation of the axis of a 
seedling never takes place in a straight line. At first one 
side and then another of the growing point of a shoot or 
root grows more rapidly than the rest and thus curvatures 
take place successively on all sides. Consequently the grow¬ 
ing tip is pushed not in a straight line but advances in such a 
way as to describe regular or interrupted circles or spirals in 
21 
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«paM^; it lids, for instance, at one time towards the north, 
at another totrai'ds the east, then suooessively to the 
south and west till it reaches ite fontar direction i. e., the 
north, and a^in repeats the ’ cycle of movements. The 

advancing apex thus dosorihes » he^ix or a spiral line in 

>1 

space. This movement is called circttmnutation and is 
one of a class of more extensive movements,' called iMtai&on 
movements, in which the growing organ curves fire4 over 
one mde and then over another. A simple case ef nutation 
is the bending of the flowcr-stalhs of the Onion. The 
young flower-stalk at fiist remains bent on one side but 
straightens itself gradually till it becomes quite erect, and 
then aigain bends over to the opposite side. Such rnitatiori 
curvatures take place because Bust one side and theu just 
the opposite side of the stalk grows more vigorously tha# 
the other. Circueinutation, or involving' nutation as it 
is also called, is also very marked in tendrils. In certain 
I^ants of the Cucumber family the rotatory movement of 
the young tendrils is so very rapid that it may be followed 
even with the eye if closely watched for some five or 
ten minutes. 

Nutation movements in leaves and flowers takes place 
in a special- way. During the early stages of growth the 
leaf reni.-riiis folded or' rolled because the lower surface 
grows more vigorously than the upper-this eoudltion is 
known as hyponaitif^ After some peridd the- upper surface 
grows more rapidly and consequently the young loaf is now 
fully opened and spread this movement is kbovtrr 
as 

The above are iastooces o{ amtonommiB' gmwtii Gaovements, move¬ 
ments,. that is to say, which take place spOBtaneonsly in growing. |MVtB 
of plants by viitue of certain inherent property of the growing organs. 
SpOtttafieohB movements also take plaoe in many mature parts of plants 
where immedifetO canto is not to be sOoght in nneqaal gmwtb, as 
ia> tl» iMt'.ease, bnt in t&M other mechanism; For instance, in the 
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^nWiS), # W9»J1 b«rl)«!$onB ^ww*, tt? ^* 
I)Cj?nd le^,coi»jBt« of <me large jjentril Met ^lu! two iQ|a(^ 
l^ral leaflet*. On a warm da; these ja^teral leaflete fxeeate te^ 
peonliar morements, apparent even to the naked tjf, in the form of up 
and down strokes In qaiek>8nooe8BlOn. Examined eldsely tbej are seen 
to make small trregolar oireles in spaoe with their tipe so the 
jaormn^ |s in the form of nntSitipn. Soc^ rbjrthnie movements are 
oailed ant^o,H^a yat^^n p^ovemqota 


Padratonj^ mowmo^tit—ParatQnio or in^ucad mow 
ment« take place in all growing organs wbioh being bi^ly 
sensitive are always stimulated to grow in oertain dfrecUons 
determined by erterpal factors, such as li^t, heat, mois- 
ture, gravity, chemical substances, contact with a ^lid body 
and the like. Consequently, the movements which take 
place under the influence of siibh external factors fire in the 
main dirtcHve movements (tropisms) or tropic movementa. 
Aooording to the nature of the stimulus the movements 
are called heliotropic (light), thermotropic (heat), hj^rfpvpic 
(moisture), geotropic (gravity), chenwtropic (chemicals), and 

s 

hapfotropic (contact). Tropic movements may be (l) pofiiive 
or towards the source, (2) negative or away from the source, 
and (3) iromverse or perpendicular to cho source of the 
stimulus. The way in which the stimuli (external factors) 
act in produmng movements is this. In a positive tropic 
movement the side nearest the exciting cause grows less 
vigorously than the opposite side and so this side pushes 
the growing point towards the source. Thus in positive 

•9 

heliotropism (p. 313) the illuminated side grows less than 
the other side. In the positive geotropism of the root 
(p. 315) the side nearest the earth grows less than the 
upper side. In a negative tropic movement exactly the 
reverse happens : the side neai'est the source ia stimtllated 
to grow more vigorously than the other. Thus, in the nega* 
tive heliotaopism of main roots the illuminated side along* 
ates consparatively nrore rapidly than the other; in the 
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negative geotropiam of the shoot the lower side elongates 
more than the upper. Hence the nurvatures. The inflo' 
enoe of these external factors being directive is exerted only 
when there is unilateral or one-sided action. Light falling on 
one side, gravity acting from one side, moisture affecting one 
side, of a plant can only stimulate the growing organ so as 
to produce the curvatures. If a plant be kept rotating before 
a source of light, before a window, say, there is no heliotropic 
curvature. So if a plant be held horieontally and kept 
rotating so that its axis remains parallel to the earth, there 
is neither the negative geotropic movement of the shoot, 
nor the positive of the root; the whole plant grows straight 
horizontally. This is because all sides of the rotating organ 
are stimulated equally ; they grow equally on all sides and so 
no curvature is possible. It is in this respect that these para- 
tonic movements differ from the autonomous movements. 
A young seedling, for instance, if rotated as above will not 
fail to show its circumnutation. So, too, in the case of 
young tendrils. 

Chemotropism, or movement induced by some chemical 
substance, is a very extensive phenomenon occuring 
chiefly during sexual reproduction. The pollen-tubes of 
Phanerogams are always led by sugary seoretions in the 
tissues of the style and stigma. They are attracted by the 
particular chemical substance, sugar, and may he made to 
grow towards a solution of sugar when cultured artificially. 
I'he fine threads of Fungi are also led by the decaying 
substances of the substratum to spread towards the de¬ 
composing organic body. The movement of the tentacles of 
the fly-catcher, Orosera (fig. 330, p. 303) is another instance 
of chemotropism. The presence of a nitrogenous food matter 
anywhere in the lamina induces at first a copious outflow 
of secretion from the tentacles and then their bending 
iBWards. 
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CJokIj related to these tropic mOTemcnta of oarvatnre are the 
larctc morrmenis of naked free-moving protoplasts which are 
directed to move towards certain objects bj the Infloence of 
tropic factors. Thus, the spermatosoids, the male sezaal cel}a of 
lower plants, swim through water and move towards the female 
sexaal cell, being attracted by certain matters which it secretes. The 
chemical sabstanoe of the seoretion diffoses through water and directs 
the movement This phenomenon is called chesnotaais and the 
ncovement chcmotactic movement. 

Chlornplasts change their position in a cell according to the intensity 
and direction of light; This is called photolectic movement 
When light is intense, the chloroplasts of the palisade cells of a 
leaf avoid the apper or outer walls and range themselves in parallel 
rows on the lateral walls of the cells, thus placing themselves not at 
right angles to but almost parallel with the rays of light. In weak 
or diffused light however they move towards the upper wall and form 
a green plate which can readily absorb the small amount of light 
now available. 

Twining plants.—The young shoots of twiners show 
a peculiar moTemeiit by means of which they twine round 
upiight supports. The first few internodes of a twiner grow 
rapidly and become very long with the leaves remaining 
undeveloped for a long time. The free end of the shoot 
bends to one side and becomes more or less horizontal. 
At the same time it begins to revolve in a circle, either 
from right to left, or in the opposite direction (see dextrorse 
and sinistrorse twiners, p. 38). This revolving movement 
is at first autonomous iu character, for the growing tip 
nutates. Lower down, however, it is a case of lateral 
geotropism where one of the two sides, either the right or 
^ the left, not the upper or the lower, of the bent shoot 
grows faster than the other side under the stimulus of 
gravity. The horizontal portion of the shoot consequently 
bends constantly in one direction, either to the right 
or to the left, and sweeps through the air in widening 
circles, and as soon as an upright support is reached the 
twining begins. At first loose horizontal coils are 
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thrown about tiie gopport. but gradually the older or 
lower coils are straightened out more and more» so that' 
the Mils are rmw a steep spiral. This ^ralj^tepiiig is" 
dijur to fftntfopism, as is the case with all stem; 

the upper ooUs grow away from the earthi and 
this tends to tighten the spiral and press them upon 
the support The (toininff thus comes about by (l) the \ 
revolviiig movement of the bent apex due to lateral geotro* 

. 'r 

pism, and (’2) the negative geotropism of the older parts of 
the coiled stem. After the twining is accomplished and 
the firm grip has been obtained the leaves begin to grow and 
onfdd their large lamina. The delay in the development 
of the leaves allows a more free movement of the circling 
tip, for the leaves might otherwise prove an obstacle in get¬ 
ting a support. 

The movement of tendrils in tendril-climbers is a case 
of paratonic movement induced by contact sUmnlns, This is ■. 
called haptotropism. Young tendrils which have not yet come 
in contact wifJi a rigid body move autonomously sweeping 
through the air, thus executing a movement of ciroumnuta* 
tion (p. 321). If they do not find any solid object round 
which they can twine they stop their circling movement in a 
short time, hang loose, often form a thin spiral coil, and 
then wither. But if a suitable support comes in contact 
with the revolving tendril, the contact quickly induces an 
increase in growth of the opposite side of the organ, and this 
causes the free end to turn round the support. New portions 
of the tendril are thus brought in contact with the support. J 
and the continuous rubbing with a rough object stimulates 
the tendril to turn more quickly and firmly round the support, 
a new thrill of stimulus being sent through the tencUil at 
each coil. When the support has thus been firmly giasped, 
aoo&M' movement takes place in that part of the tendril 
.which lise between the phmt and the support (see fig. 62), hy 
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v|itu0 ol irkiob the oUtnber drags Itself more toererde its 
shritwir. 1?hit ipart of the tendril is twisted like a oork-serew, 
aad as it lies between two fixed points there a«e two opposite * 
windingSr one to the righet Sind the other to'the left, which 
balance each other, and between the two lies a netitrai an* 

twisted portion called • the pok^ of rtvorsaU so called because 

1*^ % 

at this point the spiral begins to be reversed i,e. to ^ 
opposite to the direction of the other half. 

'¥oQug tendrils grow very rapidly while they are oirciniuiMatiBg; 
at this stage they arc very thin, soft, and highly flexible being mace 
up mostly of coUenchytna. An old tendril which has already gnuqied 
a support becomes gradually thickened and hardened, for lignifleaticm. 
goes on very fast, And an ample sclCrenchyma makes it strong il£o 
a caWe. 

Sleep Movements.—Manj foliage leaves and floral 
leaves (petals and sepals) assume different positions by day 
and Vty night. This is very noticeable in the foliage of the 
. Pea family (Pea, Bean, Pulses, Tamarind, Acacia, etc) the 
compound pinnate leaves of which remain spread out daring 
day time but fold up in pairs at dusk and remain folded for 
the night. A similar folding movement of the leaves may 
be seen in the Amrul-sbak (Oxalis). This night or sleep* 
position, as it is called, is due to a change of turgor in the 
cells at the base of' the leaflets where there is an erectile 
tissue known as the palvinus. This sleep movement 
{nycHnastic movement), as it is oalled, is brought about by 
variations in the intensity of light or of the temperature of 
the air. It is not a growth movement for it takes place in 
t the fully grown up leaves but belongs to the class of move* 

, ment called v'ltiaiion movements. 

■ V ' 

Similar closing movements are seen in some flowers, 
such as the Water-lily and Morning-glory, and also in 
certain oapitulas, as in Helickrymm, which open in day* 
light and close np at night. That they are due to varia¬ 
tions of light and temperature is seen from the closing 
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o{ th« flowera even daring the day when the air is suddenly 
chilled by a cool breeze, a shower, or a dark cloud. When 
the cloud or chill blows over and the sun again shines, the 
temperature of the air is raised and the flowers open 
once more. 

In the sensitive plant {Mimosa Lajjabaty lata 

fig. 147) the leaflets exhibit a remarkably rapid irritable 
movement. They are extremely sensitive to contact. On a 
sudden, though gentlest, stroke of a stick, or upon any sudden 
vibration of the leaf, the leaflets fold up pair after pair in 
rapid succession, and when all the leaflets are folded up and 
the leaf is apparently at rest, all at once the secondary petioles 
(see fig. 147) are drawn nearer and the main petiole sinks 
down. The same movements are performed when the leaf is 
disturbed in any other way. For instance a pair of leaflets 
may be suddenly out off with a scissor, or a cone of light may 
be focussed at the base of a leaflet, or a burning stick held 
near it, and so on. These movements of irritation is said 
to be due to variation of turgor in the cells of the puXvini 
which are present at the base of each leaflet, of the second' 
ary petioles and of the main petiole. 
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CHAPTER XXVin. 

> 

/ 

CLASSrnCATION. 

The most obvious olassifiootion of plonts. as we bave seen 
in the introduction, is to divide it first into the two grei^ 
Bub*kingdora8 the Flowering plants or the Flmnero^ 
gamia, and the Flowbrlbbs plants or the Cryptogamia. 
The main distinction lies in the mode of repiodnction. 
Flowering plants reproduce by seeds, for the main object of 
the flower is to produce seeds; while the flbwerless plants 
multiply by spores. Spores are unicellular bodies formed 
asexually without the intervention of sexual cells, whereas 
seeds are multicellular bodies containing a multioellular 
embryo formed sexually as a result of the union of sexual 
cells. Hence flowering plants or Phanerogams are also 
called S0ed plants or Sparmaphyta, (fr. Sptrm^^a. seed) 
and fiowerless plants or Cryptogams are spore plants or 
SpoTOphyta. 

The Cryptogamia consist of three broad divisions, and 
seven classes. The first division, Pteri<ioph 3 ^ or Fem- 
like plants, the highest group of Cryptogams, comprises 
plants with roots, stems and leaves like the Phanerogams, 
all provided with vascular bundles. They produce spores 
from theii leaves which are called sporophylls. The three 
classes which constitute the Pteridophytes are: (l) the 
Ferns with large leaves, (2) the Lyoopods with small scale-' 
like leaves, and (3). the Equisetums with minute teethdike 
leaves and whorled branches. The other two divisions of 
Cryptogams do not possess true roots, stems and Imves, 
nor have they any vasculai* tissue; their spores are not 
produced from leaves, so that spprophylls are not present. 
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f>ut the spores arise in certain ohambere. The l^yophyta 
are Cryptoeams with the epore-sao stalked and opciiitig 
by a lid. They are more complex in structure than 
the other group called the ThallopKyta* the lowest 
and simplest of the Cryptogams. The Bryophyta comprise 
two classes: ( 1 ) mosses with an axis like a stem and 
simple leaf'like plate of cells, and (2) the LIVER-WORTS 
which have typically a thallus. 

The structure of Bryophytos .md Thallophytes is 
very simple ; they are made up of simple cells, ai.d are 
hence called cellular plants, ns opposed to the 
Pteridophytes and the Phanerogams which are VASCULAR 
PLANTS ; BO called because they contain also vascular 
tissues. The body of the plant in the first group is a 
simple thnllus consisting of a plate or chain of simple 
cells. Only in the higher Bryophytes, e.g. the Mosses, 
are leaves and stems formed, but these, too, are made 
up of simple cells, the various tissues such as scloreir 
chyma, iraoheides, sieve-tube, etc, which characterise the 
leaves and stems of vascular plants, are totally wanting. 
In some of the lower thallophytes the plant consists of 
a single microsoopio cell or a group of cells. 

The differenoe between the Algae and the Fungi, the 
two classes which make up the thallopbyta, lies in their 
mode of living and nutrition. Algae have chloroplasts in 
their oells and so can prepare their own food like ordinary 
plants. They are usually green though some of the sea-algae 
are coloured by the presenoe of some pigments which mask 
the green colour of chlorophyll. Fungi do not possess 
chloroplasts ; hence they cannot prepare their own food 
like green plants from the inorganic constituents of the 
earth. They are white or sometimes coloured by the pre¬ 
senoe of a coloured cell-sap. Algae are autophytes (]^. 300). 
Fun^i are saprophytes or parasites (p. 304); they are 
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regarded as degenerate forms of Algae which have been 

♦ 

compelled to adopt a parasitic or saprophytic mode of life. 
Almost all Algae are aquatics; many Fungi are also aquatics, 

A' 

growing on decomposing leaves, etc, but the m^iority of 
Fungi are non-aquatics, growing everywhere on rotten or 
fresh plant or animal body. They are all multiplied very 
extensively by spores formed in simple chambers called 
sporangia which are far simpler in stiiicture than the spore- 
sac or capsule of Bryophytes. The spores are scattered 
broad-cast by the wind. Some of the aquatic thullophytes 
produce spores which are not scattered by the wind but 
swim freely in the water and thus themselves wonder 
away. These spores are called swarmspores. They are naked 
protoplasts, ‘ without a cell-w^ll, and are provided with a 
tail or cilia (p. 167) by means of which they move about in 
water like tadpoles. 

The Phauerogamia consist of two divisions : the Angio- 
spcrmia or plants with a seed-case (ovary) and the Gynuio- 
spermia or plants with naked seeds without a seed-case. 
The carpel in the first forms a closed sac or ovary, in the 
latter it does not form a chamber, but is a flat scale-like 
loaf from which the ovules arise. Both are seed-plants, 
but flowers, as ordinarily understood, are not formed in 
Gymnosperms ; they have no sepals and petals, and no 
fruit or i)ericarp. As there is no ovary, style, and stigma, 
the pollen-graitis germinate directly on the ovule at the 
mioropyle, and not on the stigma as in Angiosperms. The 
Pines are Gymnospeims. The Angiosperms comprise the 
two great classes,- the Monocots and Dicots. The difference 
between these two, in every particular point, has been 
described in the first and second parts of this book and 
may now be summaiiscd as follows ;— 
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Bicot. 

Boots ste siissl]; ic^iioh-bmiioh* 

ed top rooto but may also be 
advoKiitioai. 

^TBiia ar^ QBDally mnoh-branefa- 
ed, prodtKM axillary ai well as 
terminal bads oopi^mely. 

LBATBfi arS small, with reticu¬ 
late venaticm. 

FloW&xs are as a rule pentamrr- 
008 or ietrameroDB, rarely 
trimerooB or dimerons, 

PEBiaNTB when present is usu¬ 
ally betero-ohlamydeous, bay¬ 
ing distinct calyx and corolla, 

Bmbxto has two cotyledons, lies 
inside an albaminous or exal- 
bominous seed. 


ICOlfOCOT. 

Roots ate aotmally advmtUfMtv, 
the prikary root not persist* 
ing. 

Stbm Is not mooh'branohed, 
grows mainly by Uie <termittal 
bod, 

Lbavbs are large with a sheath¬ 
ing base and parallel renation. 

Flowkbs are as a rale trimerous, 
thongh often much reduced. 

Pesiabth when pmaita.nd pro¬ 
minent is homochlamydeoua 

Bmbsto baa one cotyledon and 
often lies in a oopious albu¬ 
men. 


The Dicoto and Monooote are very large claaset and so 
they have been divided into smaller sob-olasses as shown 
in the table below:— 


Classification of Angiospermia. 

CLASS 1. Dicotyledons,—plants with two cotyledonsa— 

Calyx and Corolla both present-*- 

StTB-CrABB I. petals free, stamens deBniie or in¬ 
definite Polypelalae. 

Smts L FIs. hype^ynous, sepals free ... Thalamiflorae. 
Swrks 2n FIb. peri-or cpigynous, sepals 

united ... .... CalyciflorM* 

SOB-CiiASS 2* Petals united) atamens dedmte ConoUiAmm* 

Calyx present, ooroUa absent— 

SuB-CXiAss 3, Corolla always, calyx of ten,' absent, iis. reduoa^, 

often Lsexttoi....^.Apetalm or Incomplete. 

CLASS II. Mooocotyledoni—plants with one cotyledon— 

Si7B-CLAsa L Fla. ooaspteuoos with coloured 

pcrlmitb PeteAoideae. 

; fitrs^^nAie 2. Fis. mjnate, naked, on a spadix Spmdiciflerce. 

8. Fie glumaoeons, icaiy, in spikes Clumillorae* 
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Hid lollowlog Mhema gives a tabukt alawificatiion of 

The Vegetable Kingcloin. 


1st. iHpisim. Ani^permia 

Claw t, IKcoiyltdoiis. 
Snb-Claw I. Polypetalfle. 

„ 2. Gkmopetalffi. 

" 3. Ineoaapletie. 
Class 2. Wonocotyladofts, 
l)ub-Claw 1. Qlnmftloroie. 

,, 2. Spadicifloiefe. 

„ 8. Petaloidere, 

Snd. iHtiision. Gymnospermia 

Class H. Gymnosperms 

•‘?rd. Divisionn Pterid oph3ita 
Class 4 ' Ferns. 

Class 5. Lycopo<ls * 

Class 6, EUiuisetiims. 

4th. Dhision. Btyophs^ 

Class 7. Mosses. 

Class 8. , Liverwofis. 

6th. IHvisioh^ ThallopKyta 

Class 9, Algae. 

Classic Fungi. 


I L fiintKfciugdom 
I l^mntgmgaAm 
pr Fipweilag vplfiQla 
also Gail,ed 

SfNBimep^a 

or seerl-plants. 




4 


'll. Bub kingdom 
Cryptogsmia 
or Flowerless plants, 
also called 
Sporopbyta 
or Spore-plants. 


The Phanerogamis, especially the Dioots and Monoo(^> 
comprise a wide range of plants which are grouped into 
families called Natural orders and into smaller groups called 
G«nera. Individual plants which are quite alike in all 
important particulars form a Specif. Thus the hundreds 
somIs whioh a Pea plant produces all give rise to the Pea. 
or all practieid purposes th e plants are identioal and T^mr 
Ue their parent, though slight differences, such as sise of 
the plant, number ol pods, etc., may be tnmed. But in the 
generad ebareoters of every organ, stem, leaf, flower, fjrait, 
seed, ete., they perfectly imree, \o., they are of the same 
spemOg.^ Hence species may be deflned to^ be a group of indivi* 
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duals which possess in common all the imtiortant characters of 
their vegetative and reproductive organs, so that they may be 
regarded as being descended from a common ancestor. 
There may be slight differences in the members of a 
species, just as there are differences between one man and 
another of the human species, but in all essential respects 
they are quite alike. A genus (plvral Genera) is an 
assemblage of allied species. Those species which resemble 
strikingly, especially in their floral structure, must be 
very nearly allied and hence they are placed under 
a group called . genus. Thus the Gourd is a species; its 
seeds all produce the same plant, the Gourd plant, 'fbe 
Pumpkin is another species ; its seeds, too, produce nothing 
but the Pumpkin. But both have the same kind of floral 
structure. Hence they constitute a genus ; they are two 
distinct species of the same genus. Genera are groups of 
ipedes which have the same floral structure. In naming a plant 
the name of the genus is placed first and then that of the 
species. Thus the Gourd is called Vucurbita matima and the 
Pumplcin Vucurbita pepo. Similarly the melon and the 
Cucumber are distinct species of the same genus Oucumis ; 
the Melon is called Vucumis Meh, and the Cucumber is 
Cucumis saiivus. The Gourd and the Pumpkin both have 
large garaopetalous bell-shaped flowers; they belong to the 
same genus Vucurbita. The Melon and the Cucumber, 
however, have a different form of flower ; it is rather small 
and only slightly gamopetalous, rotate, and has 6 largo 
petal-lobes. Hence these plants constitute a different genus 
Vu&mis. But obviously all the four plants are related. 
They are all tendril-climbers, have unisexual flowers, 8 
stamens with long folded anthers, inferior ovary with 3 
parietal placentas, and succulent fruits. Each of these 
characters may not bo of any value separately but together 
<^ey#ye a dear indication of a family resemblance between 
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<Aa i& 2 ite.t HoatM (Aey ar^ mM ixn fom n taiiiily or 
ml 'ordoc oalled tihe, .Cusambar {Ataily or ithe Vvati^itaMa* 
A Katoral order is sitnply an afMmblaga ^ alHed genera» 
jusfe as a geotts is an as9emblag)i» 6l species. Tbe 

wilrolaases men^ned above ikre oompoeed of naiaeretts 
Nafeimd orders. 


Sometime* a single atrikiitg ebarscter determinea a Kataml artier' 
TboSf 4^ Natiual mrder IisgorelDoeese inelndea a very large aaiabea ot 
plants vhiofa are distings^ s faed by tfaeir fratt wbicb is either a legnme or 
a lomeat. I'he order includes the Pea, Bean, all the, Palws, and even 
sneb large trees as die Tamarind, Sisso, Sirish and Asoka. . . 


•Sometimes some new, more or lew constant, oharaeters are foasd* 
amongst several htdlvidnals of a species giving rise So variatiss of that 
species. Thus, the Bioe plSnt forms a species,’ bnt there are varions 
varieties, such as Aman,. Aosh, etc. Slmilatly, the Cabbage and the 
Cauliflower are cultivated varieties of the same species Brassiea 
okracta. Varieties spring especially from artificial aeleotive onltivation 
followed cxtensiTCly by gardeners for prodacing new and better kinds 
of flowers and fruits. Thus there are several varietiea of the Banana, 
Potato, Citron, e^." 


In the following taUe eoma pf the more importmit Natural 
orders are given with their distingaishiug oharaoters.-r> 

1.' Tbalamiflorae—thalamus couicai or short, flowem hypogynoos, 
petals free, sepals generally free, rarely nmted, stamens indefinite 


Omy apocarpOKSt carpels free. 

Flowers acyclic, petals many,' aquatic herbs with floating leaves, 
liOtns family ... ... ... NymphaaacMm. 

Flowers trimeroas, sepals 3, petals 3 or 6, valvate, trem or 

shrnbs—Costard Apple family ... .... Aoonacaaa. 

t 

Flowers trimerons, sepals 3, petaloid, petals In S or mwe whoris 
of S each, imbricate, trees or sbrnbo, sometimeB olimbinf^ 
Magnolia family «*» so* *f* hipi t wn ii ac — s u 

Ovary ^wowyioiu, / or mora ce&ad. 

Ovary I-Oelied, placentas parietal, fnnlt CapSole, 

Flower orttcifom, sepals «, petals t, stamens 6, totradyaamom^ 
ftait a sUkiaa or siilonla, carpels fl~>MBStMd 

iwdly J, so* ‘ - ••• Croc^iaeaa, 

' 

33 . 


it 


**• 


» • 
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Flower roeaceous, sepals 2, petals 4, stamens maqjr, carpels 
many, placentas protruding into the 1-celled ovary. 

Poppy family see fse .e. PapavAraceae. 

Oiary syncarpouSf 4 or > c^gd,^ placg/tta axflg . 

Flower not Byrntnetrical, calyx imbricate, seed avillate, ftatneoa 5-10, 
lree,“Litchi family tee , ««« SapiadaCMW. 

Flower symmetrioal, calyx ralvate, 

Stamens many, monadelpboas, Anther i^oelled, fls. 2-scxnaI> 
Cotton family ... ... ... Malvaeaac. 

Stamens 4 or 5, fiee, opposite petals, petals small, Jojobe 
family ... ... ... Rhamnacaacw 

2. Calyciflorae—Sepals anited, petals free, flowers peri- or epigynons, 
thalamus flat like a dlso or hollow like a cop. 

Ovary sup&idi% fiowgr pgrigynouSt rggular or irrgiular. 

Ovary apocarpous, of one or more free carpels,— 

Carpel only I, froit a legnme or a loment, calyx with odd 
sepal nearest axis, leaves stipulate—Pea and Acacia 
family ... ... Laguminoseae. 

Carpel more than one, generally free, fruit never a legooiCj 
calyx with odd sepal remote from axis— 

Rose family ... ... ... Rosaceae. 

Ovary syncarpous, 4-8 celled, flowers regular, petals clawed and 
oorrogated, stamens deflnite. Henna family... Lythraceae. 

Ovary mfertor^ fbwgr gpigynous, rggular. 

Stamens ludeflnite, free, flowers 3-scxaal, kaves opposite, aromatic 
and gland-dotted. Guava family ... Myrtaceae. 

Stamens usually 3 with sinuous anthei-s, flowers i-sexual, leaves 
alternate, lobed, plants climbing by tendrils. Cucumber 
family «.* ••• ««. Cucurbilaceae. 

3. Corolkifloreae or Oamopetalae—corolla gamopetalotie, usually 
with 5 corolla-lobes^ stamens equal to or less than oorolla^lobefei ovary 
as a rule syncarpons, superior or inferior. 

Ovary bifgfiar^ flowgrs gplgymms. 

Ovary x-cello^l with i ovule, fruit a oypsela, anthers 6 sjmgenesioiu, 
fls. in capituia—Sun-flower family ... Compositaa. 

Ovary 2-oeHed, with 2 or more ovules, stamens 4 or I, anthers free, 
fls. not in capitula, leaves with inter-petiolar ampules. Bangun 

... .M .M Rttbiacme. 
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Ovary svpiriar, fiowgrs typogymvs, 

FIs. regular, eoroHa-lobes, 6, stamens 5, epipetalons 

Ovary 2-celled, ovnles numerous on prominent peltate placenta, 
seeds albuminous, embryo small. Potato 
{amlly < •** Use Solan ttCcMs 

iriB. rcgulafi sepals and Petals 6, connate, stameiLB 6 with poilina 

I 

Ovary 3-oelled, seeds witb hairs, albtuninffl^, 

Akanda family a** s*s ' Asciaptadltceae. 

Ovary 8 or i-celled| ovules few or only 1 is each celJ^ seed exal- 
bsminoue, embryo large. Twining plants—Morning gl<»y 
family ... ... ... Convolvulacesra 

Fis. irregular, bilabiate, stamens 2 or 4, didynamous— 

Ovary deeply 4-Iobed, 4-oellcd, 4*Bceded, separating! when ripe, 
style gynobasic, Toolsi family ... Labistse. 

Ovary 2-oelled nnlobed, style teinnnal, fruit 

capsular, many seeded. Bakaeh family ... Ac^ntbaceae. 

Ovary 2-4 celled, style terminal, Teak 

family ... ... ... Verbenaceae^ 

4 . Incomplatac—FIs. with only sepals, without petals, sometimes 
entirely naked ; often unisexual or bisexual; stamens and carpels few, 

FIs. 2«Bexual, perianth present, plants herbs. 

Perianth conspicuous, gamophyllous, like a coiolla, ovary 
Huperior, z-celled l-secded. Krishuakali 
family ... ... Nyctaginsceaa. 

Perianth dry, minute, scaly, united at base only, Amaran- 
tus family ... ... Amarartacaae. 

Fis. i-sexual, perianth minute or absent, fls, in dense inflorescence, 
ovary 1 to 2 celled, herbs, shrubs, or trees. Banyan 
famdy ... ... ... Urticacaae. 





... 


... 
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CHAPTER XIX 


DICOTYLBDONS. 

r 

CRUCIFERAE (Mustetd FamllyX 


cKaxacter*;— 

Hmbbb with pungent juice, and alternate, ezstifmlate, 
simple leaves. 

* « 

Flowers regular, oruciiorm, bj^pogynous, hermaphrodite, 

tetramerous, sepnis 4, petals 4 clawed. 

Stamens 6, tetiadynamous, 4 long and 2 short. 

Ovary syncarppus, of 2 carpels, superior. Ovules iiumer- 
nue oil two parietal placentas. 

Fruit a siliqua or silioula. 


Type I —MUSTABD (Eai —Brassica juncea). 

The plant is an annual herb with a soft jui.'y stem, 
slightly woody at the base The lower leaves are potiolste 
and lyra^, the upper ones sessile and almost entii-e, with 
a slightly toothed margin. X^e root is a short tap-root 
with a few branches. 


The flowers are in racemes, not much elongated but 
slightly corymbose. They have no bracts, are stalked, and 
of a blight yellow colour. Calyx of four free sepals, 
ascending and thus appearing to fom a short tube. 
Corolla criiciform (p. 107), of four free petals, each with a 
short stalk and a spreading limb, the limbs of the four petals 
spread out in the form of a cross. Stamens six, in two whorls; 
the Outer whorl consists of two short stamens the anthers 
ef which stand just below the stigma; the in&er whorl 
oq^ists of four long stamens with their anthers standing 
the stigma at a level with the spreading pstaldobes 
fig, 173). Between the two shoit stamens at their base 



«!« two «ltiikU lto»e]redor«^ng gUus^ Tl^e oomtittito tito 
r SUtOTAHV. Tfa« OTNCBOIUII i« tM»»apoMd of 4wo ovrptfb/ 
united to fonn s single syu<^rpoas ovary* a. single style and 
a capitate stigma. The ovart is supe|ior*' Ireoi twcN^Ued 
with th|)^plaeeuta devel<^ed on 
both sides oi tiie margin of the 
partition wall. The placsenta’ 

'tion is Veally parietal, the 
ovuLBs arising from (be fused 
margin of the carpeMeaves, and C 
the wall is only a false septum 
which makes the ovary falsely j: 
two'celled. Tke FRUIT, is a long 
erect nliqua (p. 142, fig. 242), 
bursting into two valves, the * 
seeds being attached to the false 
partition wall which fonns a 
persistent replum. There is 
no special contrivance for.the 
dispersion of the seed, the plant 
being in cultivation from very 
ancient times. The seed is 
rich in a fatty oil which can be 

expressed out and is known as 

mustard oil. . ^ Mustard pfant; 

F, fruit j C, indoi-escence; 

Pollination is effected by the 

aid of insects. The showy clustered flowers attract them 
and the glands at the base of the stainens secrete a sweet 
juice. The flowers are protogynous, the stigma maturing 
before the anthers ; the shorter stamens ripen their antbers 
before the longer ones. This is to secure cross pollination. 
So long he tbe glands are active and a oopioue juice ia 
secreted, insects come to have their drink ; at this time the 
short stamens discharge pollen which the insects' cany a ■my* 
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When they do not Tieit» the long etameos aintply sprinkle 
poUes’graiua on the sticky, style just below (p. 1A5). 



Fig, 338. Teti'sdyiiamdua eta* Fig. 339. Fiox'al diagram 

meiiB ; T, tbalamus ; S, Btigma. of Cniciferae. 

There are several kinds of the Mustard plant in India. 
The white Mustard (shwet-sarisa— Hraftica alba) and the 
black Mustard (Brastica nigra) are winter annuals and have 
little economic value. The Bape or Coleseed is Bratsica 
J^'apvs. It is as extensively cultivated as the Mustard plant. 
Both yield the same oil; the Bape has amplexicaul or stem* 
clasping leaves. 

Other Crucifera—The Badisb (Moola— foUvus) 
is another annual herb. Its leaves, like those of the 
• Mustard, are also lyrately simple. The swollen fleshy root 
(fig. 28) is well known for its nutritious qualities. It 
abounds in a pungent juice which gives a peculiar sweetish 
flavour. Cabbages and Cauliflowers (Brassiea oUraeea) are 
other cruciferous plants. The edil^e portion of the latter is the 
young corymbose infloiesoenoe of a peculiarly dense fom. The 

winter annual Candituft (/6sru), very often planted in 

< • 

jgar^DS with all its showy varieties, is peculiar for its 
.sli^itl7 irregular flowers arranged in beautiful corymbs. 
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Tlie order its name from the oruoiform arrange* 

meut of the foui' petals of the flower. It is an order of 

« 

herbaceous plaoist many of which are annuals, while a few 
are biennials producing a number of leaves on a very short 
stem in the first season, and in the second, a flowering shoot 
with the characteristic tetramerous and omoilorm flowers. 
The plants are spread all over the globe, but their widest 
distribution is in the cold temperate regions and in the hills 
of India. The ero|)8 are all cold'weather oroi^. 

An allied family is the Papaveraeaa* (Poppy family.) The poppy 
plant (shewn in fig. 9S} is enltivated for the opium which it yields. 
Some of the ganjlen poppies are very showy. The 
common weed SheaUkanta is called the Mexiosn 
poppy (Argemont mvetana). All poppies have 
regular thalamifloral dowers. The stamens are 
numerous, the superior ovary is jiyncarpous 
being formed from many carpels. The style is 
absent, so the stigma is sessile'; it forms radiating 
lines on the dattened top of the ovary. The fruit 
is a capsnlc bursting by pores (p. 142, dg. 243). 

Opium is the hardened juice which dows Fig. 340. Floral 
from wounds on the surface of the young fruit, ^'*sram o# Papaver- 
The seeiis have medicinal properties and yields 
the poppy oil. Another allied Natural order is the Capparidaesaa, 
an order of herbs and shrubs with tetramerous calyx and corolla and 
generally indolinito stamens. The ovary in this order is stalked and 
this is a very distinguishing feature. The common plants are the white 
and yellow Hnr-hare (Oynaviropsis pentaphylh, and Gimme vimota). 



MALVACEAE (Cotton family) 

Distinguishing characters. - Herbs, shrubs or trees with 
alternate, stipulate, palmrnerved, simple leaves. 

Flowers showy, regular, hermaphrodite, hypogynpus ; 
sepals B, connate, valvate; petals 5, free, lobes ophtdrisd 
in bud. 



^4 
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BtAMUBNS i&on4dtptplM>u3;i with 
dehuoing transveraoly. 

OvAftY «ip8rior, synoarpotts. 3> 5 oiriaAnri><»B«id» 

m. ' ' 

mimarcma'ovules attoobad to an axile plaoent^ 

FfiUXT usually a dry oapsule or a soblaaoarp. 


Tyfb 1. JAVA— The Sboe dower (tftitscas ro^3*^vMM^sX 

t 

The plant is a densely branched woody shrub. (jIIAVKS 
alternate, stipulate, petiolate, simple, With •palmate venation. 
There are two iHpvXes on the two sides of the petiole ; they 
protect idle young leaf-buds and fall off with the opening of 
the leaf. The lamina is ovate, acute, serrate, glabrous, except 
for a few branched hairs on the underside of the midrib. 

The large floWers are solitary, axillary, regular, h^pogy- 
nous and hermaphrodite. There are two whorls of green 

sepal-like leaves. Of these 
the lower consists of six or 
seven linear bracts and is 
hence an involucrjc. J'his 
whorl is commonly bijt mis¬ 
takenly called an epcalyx 
(see p. 105). The next^green 
whorl consists of five sepals 
united to form a gan^osepalods 
CALYX, the ‘lobes being 
valvate in bud. The corolla 
is very oons{Hoaott8 being of 
a deep red eolonr. It is 
campanulate, the fire petals 
which pompose it cohere 
below sHgfatly and adhering 
to the ' stamens foim a 
short cup at the base. The petals are twis^ in Irad, is. 
they ^have contorted aestivation. The AliDR.<Eon7lic ooni^lti 
^ an indefinite number of stamens; all the filammils edhere 



Fig. 341. Floral diagram of 
Ualvaoeae; br, bracts, cal, 
calyx ; cor, corolla ; at, mona- 
delphooa atamenB, in the centre 
the S-Cfllled ovary. 
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to tom ft totxftilMijl ftrft toed e short d{staq$;e,ftt the top ftod ed 
the anthera hang loose from the stamioal tahe (toonaddl'^ 
fthoua, p. Ill fig. 183). The apthers are free, ksdoey-almped, 
unilooular (fig. 196). The stsmioal tube sur rounda the id^le 
and being fused with the petals aoreens the ovary from view.' 
There are five oarpels fused to form a five-eslled aynoarpoua 
OVABY, a single stylo bi-anching above into five ^verging 
limbs, each ending in a large round velvety stioma. 'There 
are numerous ovules attached to the' axile placenta. The 
FRUIT is a looulioidal capsule—the cells ‘bein{( cut length’ 
wise midway between the partitions. 

« 

Typo II—COTTON PLANT {Qotsypium herbaeeum). 

The plant is a perennial bushy ehrub with thick, pale 
green, 8 or 5 lobed palmi-nerv^, alternate, simple leaves. 
'Fhe FLOWERS arise singly from the axils of leaves. The 
young flowe r-bod is protec¬ 
ted by three large cordate 
bracts which fom the 
EPICALYX (fig. 341). The 
gamosepalouB cup-shaped 
CALYX has five minute 
teeth. The . five large 
petals of d;be COROLLA are 
bright yellow, usually 
rendered more attractive 
by a blotch of dark purple 
at the base. They are 
twisted in bud. The 

numerous stamens are 

monadelphous; the tube cut Longitudniaiiy m smw tue 
^ . , monudelphoos sMiMina sdoi^ to the 

adheres to tne petals at its jietals ; a, the renifom uuiiocnlar 

base ot^ring the ovary snther. 
atid at &vt also the style. 

The ANtHiR is reriiform and unilocular. The long style 

_ _ 



Pig. S42. Flower of H§baa 
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Has enoloaad by the stamens at its lowei: paitt divides above 
into five stigmas. The ovary is five-oelled- with numerous 
ovules on an azile placenta. The fruit is a dry capsule which 
bursts loculicidally into three valves (fig. 244). The seed is 
covered all over with Ion,' white twisted hairs (cotton), and 
is rich in oil. The co.it of hairs helps the dispersion of 
the seeds. Pollination takes place with the help of insects 
which are attracted by the brilliant colour of the petals. 
The flowers are pollen-flowers (p 124): a large quantity 
of pollen-grains is produced for the insects to feed on 
(see also p. 136). 

There are two other species of cotton ; the Tree Cotton 
(Gossypium arboreuni) is a larger plant giving a greater yield 
of cotton of coniraorce ; the American cotton plant is 
G. barbadense which does not flourish here. 

Cotton obtained from the last. three plants consists of 
fine twisted hairs which can be easily spun into threads 
and is hence of groat commercial importance. The red 
Silk-cotton tree {Shirnal —Bumbix m'llaharicum), however, 
yields a cotton which cannot be spun and is good enough 
only for stuffing cushions or mattresses. The Shimul is a 
large tree with horizontally spreading branches and com¬ 
pound digitate deciduous leaves (fig. i09). The large 
dark-red flowers are collected in fascicles near the 
end of the leafless branches. The leaves are shed in 
winter ; the tree remains leafless from December to March ; 
and the flowers appear in January when the tree is 
entirely leafless. The gamosepalous calyx forms a thick 
leathery cup. The fi vo large crimson petals are thick and 
succulent and afford a nutritious food to birds which visit 
the flower (ornitbopbilous, p. 126). A sweet thick secre¬ 
tion is collected in the corolla for the birds to drink. 
Pollination takes place through the help of these visitors. 
The innumerable stamens form five separate bundles which, 
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however, unite below with the petals and eo be remote* 
}y taken to be moiiadelphous, otherwise pentadelpfaous. The 
fruit is a bard, woody, five*ce]led, five*^alved capsule 



Fig, 848. Flower of Kanah-cbamlia— 

The carved dotted leaves are the sepals; thtse tre thick, hairy and 
fragrant. The etaoiens are anited into a short colaaiin with 6 long 
blade-like stamitiodes. The ovary is seen in the centre borne on a stalk. 
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bursting to let go the oonntless seeds ^faich IwTe,« eiaoo& 
sui^oe but rerasiu embedded in a hr$& ipantitly of fine 
silky trool or hairs derived from the pericarp. 

, A very much similar tree is the SLwet Shimooli the 
white Silk-cotton tree OSriodenirBn.anfraetuosum), Like the 
last this plant also defoliates in winter' when it beeomea 
conspicuous by its straight trunk and branches very nearly 
in whorls. It dowers about March before the leaves appear 
again in the rains. The flowers are white, otherwise very 
much like those of the Eed Silk-cotton tree, but stamens 

h 

only 6, connate below into a fleshy tube. 

•Sh 

Malvaceae is a large and important order and it includes 
many plants of the greatest economic value. The leaves 
are generally simple and palmately-lobed except in the Silk- 
cotton trees where they are digitately compound. The 
epicalyx of three or more bracteoles is also characteristic, 
though it is not present in all plants of the order. The 
monadelphous stamens along with the unilocular reuiform 
anthers are the great distinguishing feature. The fruit is also 
characteristic; in Hibiscus and Gossypinm it is a capsule, 
but in many oases it is a sohizooarp separating into cocci 
(see p. 146). Thus in Urena lohata {OVto), a common weed 
of waste plwea, the fruit when ripe separates into five 
indebiscent carples or merioarps. 

Besides the cottons other economic plants are the DecCan Hemp 
{htitnscks ciffmabdats) which yields from its bark a fibre similar to jnte, 
and the Lady's-finger or Ochra (Dhenras— ff. tsculmtiMs), mnoh 
cultivated for its fruit which is eaten as a vegetable. 

The order abounds in small flowering plants of surpassing 
beauty. The Chinese-Eose of garden hedges is Bibisous 
schieopttalovs. It has long drooping flowers with ciliated 
petals. The SfAialpadma or the changeable Eose (Zf. mu/n* 
btlis) is known for the change of colour, from white to red, 

, V 

which takes place in the flower in the course of a day. 




SisiciliiMM* ift i^j neady aUied to Ifoivaoese; mow^dd- 
phocHi ftaraetu ebai'aoterue both ordmi Tbe mo»t common BteronHa* 
ocoti» plant ia Kanak-cbampa (Mooohkainm--^^tervJSp#mi^ QC0^lkm-^ 
^g4 344), a httgo road-side tree. The ovary in this order is stalked 
(stipitate; and tbe hoaxers are genermtly vniseznali not hermaphrodite 
08 in Malvaoeaa (Eanak-ohampa is herma[dirodite), and tbe anthers 
are tvro-oelled. 

The following am a few of tbe other thaJamifloral wdera— 
NympfasMceae—tbe Lotus and Water-lily family. The plants are 
aquatic herbs with a rfaisomous or tuberous stem lying buried in 
the muddy soil of ponds. They have long-petioled floatfitg> leaves 
with large roundish lamina. The flowers arise singly on long stallmi 
are legular, polyphyllons, and hermaphrodite. The lower sujfaoe of* 
the leaves is coloured viOlet or red. This is due to the presetuse of 
aniho^anin (p. 301) in the cell-bap which helps the leaves in absorbing 
the heat-rsys. * 





Fig. 844, Njtnpb^a alba. Fig. 345. Frujt of Lotus. 

The flower of Lotus has been described on p. 92. That of the common 
Watexdilies (Sbalook —Nytuphxa htus) differs from the *Xx>tUB only in 
having a synoarpous many-celled ovary. The fruit of the Water-lily 
is a spongy berry ripening under water and then decomposing to let go 
the seeds. The seeds float in water being covered with a mucilage and 
form extensive frothy floating masses. This is for the purpose of 
dispersion (p. 156). They Anally siuk and germinate, ^be fruit of the 
I^ius, however, is a spongy aggregate fruit (see p. 149, fig. 268). 

^A nonacaac— tbe Custard-apple family. The plants which are 
commMjf*tRST or woody shrubs have simple entire, exstipulatv, and 
alternate leaves. The flowers are regular, hermaphrodite, triHi$rinis and 
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hypogynoQS ; in most oases ibe thalfttnus is elongated* Tbore are three 
sepals, three or six petalsi and generally an mde^nite number of stamens 
and carpels. The carpels are free and arranged spirally on the thalatnna 
The fruit of the Custard apple (Ata— sgitamosa) is a suconlent 
berry that of the BuilocVs heart (Nona—ntfnrfatfa) almost 
similar (p. l48). The Kantali-cbampa (i4rta&0ff^5 cdoradssbttus) is well- 
known for its fragrant flowers. The plant is a soandent hook-climber 
(p. 41, fig. 56) and has greenish yellow strong-scented flowers. The 
fruit (aggregate) consists of a number of fleshy one-seeded berries 
hanging like a bunch of grapes from the hooked peduncles. 

jdagnoliacese—T he Champaka family. The plants are trees or shrubs, 
oftra cliihbing, witt thick Lsavas which arc alternate, simple, usually 
entire, with bud-scales or stipules covering the buds, Flowsbb ate 
hermaphrodite ; aestivation being imbricate. Perianth consists usually 
of one whorl of three petaloid sepals and two or more whorls of petals 
of three in each whorl, 6 tam£KS ; innumerable, hypogynous. Ovabt : 
W^ny, often few; always unilocular, Fkoit ; A collection of follicles 
or berries with one seed usually in each. 

The Swaina champa chQHipcka) is a tree with large lanceolate, 

pinni-veined leaves. The leaf-buds as well as the flower buds are 
enclosed in a greyish scale-leaf—the convolute bud-scale. The flowers 
arise solitarily and are usually aromatic and showy consisting of a 
whorl of three petalloid yellowish green sepals and dark golden yellow 
petals which vary from nine to twenty. The perianth leaves are all 
arranged spirally on the elongated cone-shaped thalamus. The essential 
organa of the flower are conbtituted of innumerable sessile antliers and 
innumerable carpels which are apocarpous and contain individually an 
ovary, a short style and the stigma. The flowers are protogynous and 
come under that group of flowers known as bce-l’iowers, since they are 
pollinated by bees. The fruit is a collection of follicles dehiscing by 
the dorsal suture only. The plant is cultivated in our gardens for its 
sweet fragraill flowei's. (Ste p. 94, flgs, 157, 158). 

The N. O, Magnoliaceae verj closely resembles th-' order Anonaoeae ; 
the latter however differs fiom'it in having no buil-scale or stipules,' 
the sepals and petals being valvatc in aestivation and seeds having 
ruminated endosperm. 

SAPINDACEAE (Lichi family). 

Distinguishing charactCTs.— Trees or sfarube, rarely 
hsijbs^r with slteruate, simple or pinnate lbavb s. 
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’Flowers smalU polygamous, bypogynoos, regular or ofteo 
UQsymmetrioal, in panicles. 

Stamens free, valuing from five to ten, generally 6, 
inserted between a lateral disk and ovary. 

OvABY generally three-celled and three-lobed. 

Fruit capsular or succulent. 

THE LITCHI {Nephelium litchi). 

The plant is a tree with large pinnately compound 
alternate leaves. The leaflets are lanceolate, very smooth 
and shining on both sides. Flowers arise in large terminal 
panicles. The individual flowers are small, greenish white, • 
with a gamosepalous four-lobed cup-shaped calyx. Corolla 
absent. Ibere is a largo fleshy disc-shaped gland in the 
centre which secretes honey aujl is hence a nectary. On 
this the stamens and carpels are inserted. Stamens from 
six to eight with free filaments diverging from the central 
gland. Gynoboium supenor, syiicarpous, elevated on a 
short style and bifid stigma. OvABY two or three-celled 
with one ovule in each cell. During the formation of the fruit 
only one cell persists and one ovule matures into the seed. 
The Fruit when ripe has a thin tubercled pericarp and a 
large seed enveloped by a thick fleshy aril (p. 164) which 
constitutes the edible part. 

Another plant having almost the same floral and fruit 
structure is the Aaah-phal (Nephehum hngana). Another 
very common plant is the Napatki or Lata-phatki (Cardios- 
permum halicacabum), a tender climbing herb with ternate 
leaves and small hooks below the flowers (book-climber, see 
p. 39). It has a 3'oelled, peculiarly inflated bladderlike 
3-valved capsule. 

RHAMNACEAE. 

Diitingu’sfaing characters.—Trees or shrnbs, often spiny, with alter¬ 
nate, simple, stipslate lbavsis. Flowbxs greenish or pale, smaller, 
regolar. Galtx gamosepalous, minute, 4-5 cleft, lobes valvate ; PBTAI.H 
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WBBalkr thaii sepala. SxAKSiffS pefigjiioiu, As iunj m tiae pAaM 
and saperposea to them. Ovart aoperior or half-inferior^ geoeraU/ 
9-oelled, Fruzt a berry or capsal$ with one seed in eactroelL 

The Kool {Ztiyphus jmjuba) is a mcch-branohod, hard, woody ehrab 
with simple, alternate, ahort-petioled, roundish, serrate leaves which are 
shiny on the upper and downy on the lower surface. It ts armed pro¬ 
fusely with sharp spines which represent the stipules. Ftowaas axillary, 
crowded in small fascicles. CALTX gamosepalous, the 5 calyx-lobes 
wedge-shaped and concave like spoon. Pfixans 5, small. sxAaiSits 
dve, superposed to the petals and lying in their hollow. At tbs base of 
the Btaminal whorl is a ring-shaped disc with several glands Which 
seorete honey, otarx superior, syncarpous, with a bifid style and 
stigma. The frnit is the well-known large smooth fleshy yellow drape 
(sec p. 146.) 

Plante of this order are osoally thorny stragglers. Sheakool IZiay- 
PAr5 Omu^lia) is a shruby straggler often found in hedges. The straggl¬ 
ing branches are very long and covex'ed with white hairs at the yonnger 
parts and armed with exceedingly sharp stipulary thorns. 

LEGUMINOSEAE. 

This is the second largest order of flowering plants. It includes a 
wide variety of plants from small annuals to the loftiest treea The 
plants are herbs, shrubs or trees with alternate, compound, stipulate 
leaves. The order derives its name from the fruit which is either a 
legume or a loment (p. 141). It is dividoil into three well-marked 
sub-orders : Papilionaceae, Caesalpineae and Mimoseae. The distdigidsh- 

€hara€t 0 rs arc 

FepBimeast Casdlp6M MBtwsasf 

Flowers......papilionaoeoQB slightly irregular regular. 

Petals......-.vexillary imbricate valvate. 

Stamens......10, mon-or di- 10, of which indefinite, 

^elphous a few are stammodes free. 

PAP1L10NACEAE, 

Ttpb 1. THE PEA (Pisutn s(^imm,) 

Th« plant U a tendril creeper, a very slender annuel 
herb (see fig. 67). The leaves are compound, each eon* 
siitfng of three ^ or four pairs of leaflets arranged on 

-«vi»Seai»» •» * * f ^ 
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opposite aides oi the common stalk. The terminal Idaflete 
are modified into tendrils which help the plant to get hold 
of supports. The oirrhiferously pinnate (p. 6 ?) com¬ 
pound leaves are arranged alternately on the stem, and 
are provided with large POLIAOEOUS stipules (p. 50). 
The stipules when young protect the leaf- and flower-buds, 
but as the buds unfold they spread out and perform the 
function of leaves, They fuse by their margins to form 
a single flat structure apparently pierced by the stem. 

The flower (fig. 316) is like a butterfly : it is papilionaceous 
having a vexillary aestivation (p. 109). The OALYx is gamose* 



u Pea Flower, a, the standard; c, the calyxi 

B—the Bame oat vertically showing the stamens and carpel. C—the 
I^tals only ; k, the keel; w, the wings; s, the stamlard, D—the 
stamens, 9 Iqwer ttnited, and tlie apper one or the tenth free, B—the 
carpel; c, the ovary ; st, stigma, 

33 
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palottf, thftte being a short cup with fire unequal lobes. The 

COROLLA ie perigynous, has fire 
free petals, of which the largest 
is the standardi the two lateral 
petals form two wings, and the 
two lower (anterior) are united 
by their lower margins to form 
the boat-shaped keel or karina. 
The ANDRABOiUM consists, of the 
stamens (diadelphous, fig. m&) 
of which the nine lower ones 
are united to form a split 
tube, the split or opening 
being closed by the tenth free 
stamen. The anthers are free.- 
The GYNCECIUM consists of one carpel; the ovary is elongat¬ 
ed, style and stigma simple. The FRUIT is a legume 
(fig. 347) which bursts both by the ventral and dorsal sutures. 
Tho seed is oxalbuminous ; it has a thin testa and a largo 
embryo, the two cotyledons of which are very swollen and 
occupy the whole cavity of tho seed ; a very small plumule lies 
between them. Pollination is effected by bees (see p. 126). 

Type II. APAKAJITA (Clitoria ternatea). 

The plant is a rather extensive climber with a wiry 
stem and numerous branches. The leaves are alternate, 
pinnately compound with an odd terminal leaflet. They 
are stipulate, the stipules here being small and membranous, 
not large as in Pea. There ai-e no tendrils as in the Pea, 
but the plant climbs by TWINING its stem and branches round 
supports. 

The bluish flowers are solitary, axillary, of the 
4^pical papilionaceous form, but has a comparatively large 
standard and a small keel entirely covered by the wings. 



Fig, 347. Finit of JVa 
p, ptnicarp; S, brc.U, 
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Tbe otbw floral characters correspcmd eacsotlbr to those 

•« 

of tbe Pea* 

The PapiUonaceae> the largest of tbe three suVordere of 
Legumiooseaei includes mostly herbs or hef^baoeous climbers* 
though a few are large ti'eea or woody shrubs. Many of the 
papUionaoee are climbers : tbe Pea aud £be Gram dimb by 
leaf*tendril8« others like tbe Bean and GKtoria* are twiners. 
The leaves are always compound, sometimes tripouats* 
with only 3 leai-lets, but mostly pinnate with several leaf¬ 
lets; stipules are always present. Tbe flowers generally 
arise in racemes. 

Common Plants*—All tho pnlses belong to this order. The Masbka- 
lai (Urid) is FkiS 0 obiS Mungo i Moog (EUung) is radiatus ; Kheihri 
is Latfynts satwus; Masor is Lons osculonia; Gram (Chola) is Clcor 
arktbmm ; ^bim is DoUchos LM<A —^11 coltivatt^d annaals with 3 foliate 
leaves. Besides the pulses the fruits^oi Barbaty (Kiyifa Caijang)^ Uakhan- 
shim {Canawdia tnsijfbnms) aud Bean {Vicia ft^a) are common tabic 
vegetables. 

The Sun-hemp from which the fibre Bhun is obtained is Crokdar^ 
Juncea. Sank-alu is the sweet tuberous root of the climber PachpiSxUs 
anguloius* Indigo is obtained by decomposing the leaves of In^Sgofora 
tffKdoriay a small woo<ly plant. the Koonch plant, is 

a hardy shrub which pro«lucL«8 tlie b'‘sutiful crimson seed used as small 
weights by jewellers. Tho Shola plant (Aeschynomont aspora) is n water- 
plant, and yields the Shola of coiniucrcc used in making bats and toys. 

Of the la*ge tH'C Butea frondosa^ the Falas tree, Eryihrina indiea, the 

Taiijat, and the Bakphul, arc well-known for their 

beautiful gorgeous flowers. Dalbergio Sisso is the large timber-tree 

Bissoo, while Ftorocarpus Santalmus is the red santal-wood tree. 

* 

CAESALPINEAE. 

Tho Tamarind {Tamarindu$ indica) may be taken as a 
type. It is a large tree with pinnately compound leaves. 
Flowers in racemesj strikingly irregular with only three petals 
streaked with red And yellow, and three fertile stangens and 
a few short sterile staroinodee. The stalked petals epicad 
out like the wings of butteifly. The fruit is the well- 



m ELtMEjNTABV jSOTAMY 

known indehtsoent legume with transTeree oonstriotioDBi full 
of a soft acid pulp (p. 142). 

Another very common plant of this family is the Indian 

Ijaburnum tree (Soondali or Sundulay—^ 
Cossia fistula). It has very beautiful pendent 
racemes of large golden yellow flowers. The 
fruits are long rod-shaped indehjsoent legumes 
the pulp of which is used as a purgative. 
The G-old-mohur tree (Poinciana reffia), often 
planted on roadside, produces very showy 
and large flowers. The flowers are produced 
in the hot season iust before the rains, and 

jpi* ^48 

Flower of Babla. profusion that the extensive canopy 

of the tree looks as if covered with a 
lilao-colonred vesture which gives a surpassing beauty to the 
trees. These plants have usually ten stamens some of 
which, however, are sometimes abortive. The Asoka tree, 
well-known for its crimson flowers, is Saraca indica ; the 
flowers are heptandrous. The Kancban (Pauhtnia) is a shrub 
or small tree with beautiful white or coloured flowers ; it is 
peculiar in having simple leaves. The leiaf has a wide notch at 
the top making it appear as if composed of two fused leaves ; 
hence the Sanscrit name Jugma-patra given to the plant. 
Kal-kasonda (C’aMifl occidentalis) is a small shrub very common 
on road-sides and waste places. Erishna-chura {Canalpinia 
pulcherrima) is another large tree with beautiful flowers. 

MIMOSEAS. 

« 

The Babla {Acacia arabica). 

The plant is a hard woody arborescent shrub or a small 
tree. The leaves are compound and bi-pinnate ; the leaflets 
are small and fold up at night. The leaves are alternate and 
stipulate as in other Leguminosss, but the stipules here are 
transformed into spines. The bark of the tree is well-known 
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for its astringent propei'ty irhicb is due to the presence of 

4 

tannins for which it is used in leather factories for tanning 
leather. The ordinary gum of commerce is the exudation 
from the bark of this plant. 

The FLOWERS are small but densely clustered in round 
beads (fig. 147). The latter look like single dowers and are 
yellow. A single flower from the head is shown in fig. 848. 
The calyx is a minute cup (E). The corolla (C) consists of 
four or five minute petals. Stamens (St) innumerablei with 
their filaments free, and bright yellow anthers standing high 
above the flowers. The filaments radiate on all sides and 
givQ the peculiar beauty the small flower'beads have. 
The FRUIT is a flat grey leguine constricted between the 
seeds so that it appears like a string of beads. 

The Sensitive plant (tfie Lajjabuty — pudica) 

is a small shrub. It is remarkable for the peculiar sensi¬ 
tiveness of its leaves to external stimuli. The STIPULES 
are not quite spiny, but thorny prickles arise from the 
base of the leaves. The FLOWERS are structurally very 
much like those of the Acacia but the small heads are of 
a light rose colour. Fruit a loment (p. 142). 


ROSACEAE (Rose family). 

Distinguishing characters.—Trees, hoibs or shrubs with 
alternate, stipulate, compound pinnate leaves. 

Flowers regular, rosaceous, perigynous or hypogynous, 
hermaphrodite. Calvx 6-fid, petals 6, free. 

Stamens many, free. 

Ovary superior, half-superior or inferior, apocarpous, 
rarely syncarpous. 

Fruit a collection of achenes or drupes, or a single 
drupe where there is only one carpel (Peach). 
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The GARDEN ROSE. (Ifosa efn^/oUa), 

The plant is a small shrub with woody stem which'is 
armed with many prickles. The lsavbs are compound 
with two or three pairs of leaflets and an odd terminal one 
Umparipinnate, see fig. 53). They are provided with two 
lateral stipules which run a short distance up the petiole 
(adnate stipules). In bud the leaves are folded along the 
midrib (conduplioate vernation, p. 68). 

The fiowera are solitary and terminal, regular, herma* 
phrodite. If a longitudinal section be out (fig. 169) it 
will be seen that the calyx arises from a cup-like receptacle 
containing numerous carpels. The five sepals arise from 
the margin of this receptacle. On it also lie the numefious 
petals and but a few stamens. In wild Rose there are but 
five petals and numerous stamens; the latter, however, 
are transformed into petals in cultivation. Thus the garden 
Rose is a double flower (p. 97). The aim of the gaidenor 
is to produce large compact Roses with all the stsminal 
leaves converted into petals. The gyncecium is com¬ 
posed of many free carpels which form sepai'ate ovaries 
all lying inside the hollow receptacle. There are as many 
styles and stigmas as there are ovaries. The FRUIT is an 
aggregate fruit .and is known as the Rose-hip (p. 160). 
It is really a collection of one-seeded achenes which ripen 
from the apocarpous ovary. The receptacle becomes fleshy 
and forms a sweet pulp which attracts birds. The small 

seed-like fruits are dispersed by birds. 

Other Rosaceous plants arc the Apple— malus ; Pe&r—Pyrus 
commutds; Peach—/^wmspgrSKa ; Loq uat— japomca; Almond— 
Pnims amygdahast etc. 

• MYRTACEAE— (Guava family). 

Distinguishing characters. —Trees or shrubs with 
opposite, simple, entire leaves with glandular dots containing 
arpmatio oils. 
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FlowKRb regular, hermaphrodite, epigjnooe with 4 or 5^ 
merouB perianth. 

Stambns indefinite, free. Ovary inferior, 2-eeUedt 
plaoantation axile, ovules one or more. 

Fruit a oapsule or a suooulent berry. 

Type I. GUAVA {Psidium guava). 

< 

This is a small evergreen tree with whitish scaly bark. 

Leaves opposite, simple, entire, short*petioled, exstipnlate. 

The veins of the leaf unite into a nerve which run parallel 

to the margin. This is the sub*maroinal vein so ohai^ 

tei'istic of the order. The flowers arise singly or in 

clusters of two or three, are large, white, and epigyiious. 

The calyx forms a tube adnate to the wall of the ovary 

and has four or five lobes arising from the top of the latter. 

Petals of an equal number, free. Stamens epigyoous, 

numerous; the filaments slender, bent inwards before the 

fiower opens. The oyncecium is syncarpous; the ovary 

inferior, adnate to the oalyz-tube, with 4 or b cells; pla* 

oentation axile. The fruit is an inferior berry with the 

calyx-lobes pet'sisting as dry scales at the top. Seeds 

numerous, hard, imbedded in the pulp of the fruit. 

* 

Type II. JAM or JAMON (Eugania JarMlMa). 

The plant is a middle-si aed tree with opposite, oblong, 

entire, exstipulate leaves with veins running into a nerve 

parallel to the margin. When the leaf is held up to light 

little transparent dots are seen ; these are glands contun* 

ing a volatile oil which emit an agreeble odour when the 

_ • 

leaf is bruised. The white small Flowers arise in oom- 
poutid triohotomous cymes . from the axils of fallen leaves. 
The CALYX is represented by four small lobes arising from 
the top of the ovary. Petals four, inserted on a small 
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diso within ths cily'Ci cidii;uu8i i.n-, they fall away* as soon 
as the 6owei"bud opens. Stambns numerous, lotij;, coloured 
and showy. Ovary inferior, two-oelled, adnate to the 
hollow thalamus. Stylo single with a small stigma. 
Fruit is a drupe with one large seed. When crushed 
by the teeth the seed has a bitter taste and hence birds 
which eat the fruits do not try to oat the seed. The pulpy 
part is of a violet colour, the thin skin being black. 

Myrtaceae is an order of tropic evergreen pl.ants which 
are bard and woody and have generally small shiny coriaceous 
leaves. The leaves are mostly opposite (alternate in Eucalyp¬ 
tus), and the glandular dots and sub-marginal veins are very 
chatactoristic of the order. The plants are generally aromatic 
and some yield valuable oil contained in the oil-gland of the 
leaves. Eucalyptus, Clove, Myrtle, and Cajeputy Oils are 
instances. The order abounds in lofty trees ; some of the 
Eucalyptus trees of Australia attain a height of 300 to 400 ft ! 

The epigynous flowers with their numerous long colour¬ 
ed stamens are very attractive, not so much for the petals 
as for the countless stamens which stand in beautiful bunches. 
The inferior ovary is crowned by a flat disc ; it may be 1- 
celled with 1 or more ovules, or 2 or more-celled with numer¬ 
ous ovules. Fruit is either a dry capsule (Eucalyptus) or a 
berry (Guava, Jams). 

Other important plants :—(I) The apple (gulabiam) is Eug$nia 
Jambos'f (2) the white Malay apple iJairruI) le £. Malacc§n5is —both 
cnltivated for the fraitB. (H) Cloves (Lavunga) are the ilried flower- 
buds of Eug^ia Caryoptyllata, (4) Cajeputy oil is derive<l from the 
leavcB of M^aUfUca Lgucad^ndron. 

A few others are ornamental gaixlen plants. 

An allied order is Lythraceoe where, however, the leaves are not 
gland'dotted, nor do they possess any snb*marginal veins. The most 
oommon plant is the shrub Menthy or Henna {Lawsonla imermis)^ 
the oruBhed leaves of which are used by Indian ladies for decorating 
their linger nails. The large timber tree Jarul (La^rstramnic floS‘ 
rtgifa) has very beautiful, large, rose-coloured flowers. The petals 
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of these pUnts are stalked aod orompled ap or corrugated which 
makes them exceedingly nice looking. 



Pig. S49. Male flower of the Pump- Pig, 350. Female flower of same 
kin cut Ycrtically, in the centre cut vertically, the swoUen part 
the stamens, is the inferior ovary ; S, the 

stigma. 

CUCURBIT ACE AE —(Cucumber family) 

Distinguishing charactera — Herbaceous climbers with 
axillary or UtoiMl tendrils. Lravks simple, alternate, 
exstipulate, large, cordate, palmate ly lobed. 

Flowrrs regular, unisexual, epigynous. 

Calyx and -Corolla usually gamophyllous, 8-lobed. 

St.amkns usually 3, rarely B, 2 pairs of which unite to 
form '3 thick filaments and 1 free, forming altogether 3 
fil.aments. Anthers usually syngeneaious, sinuous. 

OVARY inferior, 1 celled, with 3 parietal placentas which 
sometimes project inside and make the ovary falsely 3-oelIed ; 
ooultf’! matiy ; style 1, stigma 3. 

PRT’IT a berry, or a large pepo. 

‘ 

Type I. CUCUMBER {Oueumis xafirr^s), 

> 

The plant is a herbaceous climber with a hollow five 
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edeod succulent stem. It climbs by means of long thin 
branched tendrils which arise from the base of the leaves and 
are hence modified branches. The young tendrils are always 



Fig, 351. Male flower of pump- Fig. 352. Female flower of eamc 
kin with perianth removcil ; st, tlic with povianth removed ; 
three stamens; a, anthert^. htigma, the swollen part is 

the inforioT ovary, 

making spontaneous movements in air till they come in 
contact with some support which, if of suitable thickness, is 
at once clasped. The leaves are large, broad, cordate, petiolate, 
alternate and simple. Fine bristly hairs cover the whole 
plant excepting the tendrils. As in many climbers, the 
plant has often to trail oti the ground and then its leaves 
twist their petioles variously so that the lamina is laid 
fiat. The leaves being large are protected from being torn 
up by wind by having a strong rib going from the top of the 
petiole to the separate lobes, thus giving to each lobe a 
separate network of the supporting tissue. 

The flowers arise singly or in small clusters from the 
leaf-axils.. The oalyx and corolla are united at their base. 
CALYX samosepalous, campanulate. Corolla is regular, 
epigynoM in the female flower, and campanulate in shape ; 
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in the tnale It is provided vrith a lohed ^isc at the base. 
Male and female flowers are formed on the same plant 
(monceoiouB. p. 110). Stamens in the male flower only three. 
epipetalouB; two filaments more or less united in pairs, and 
the anthers convoluted and laterally united. ^ In the female 
flower there are small glands at the base of the corolla 
which represent the aboitive stamens: they secrete honey. 
The QYNOECIUM is composed of three carpels fused to form 
a syncarpous inferior ovary with a short style and three 
stigmas. The calyx arises from the flat top of the hollow 
thalamus which encloses the ovary. The inferior ovary is one- 
oelled with three prominent parietal placentas which bulge 
towards the centre and bear numerous ovules (see p. 149). 
FRUIT, technically called a pepo, is a large berry with 
leathery rind and numerous seeds. Seeds compressed, 
exalhuminous, with a large embryo. 

The flowers are insect'pollinated. Insects carry the 

pollen from the male flower to the stigma of the female. 

To attract them a sweet liquid is secreted by the small 

glands at the base of the corolla. Insects attracted by the 

bright colour of the corolla move about from flower to 

flower seeking the sweet secretion and collecting pollen and 

thus bring about intor-crossing (see p. 124). 

« 

The order is characterised by the peculiar climbing 
habit of the plants, the unisexual flowers, and the inferior 
pepo or berrydilco fruits. The plants are climbing herbs 
with hollow stems and simple or divided tendrils. The large 
broad palmatclyveined loaves are always covered with coarse 
stuff hairs. Some plants are dioecious (p. Ill)—Patol 
(Trichosanthfs dioico) but the great majority are monoecious. 

Common Plants Many plants of this order are cultivated for 
their fruits which arc either table delicacies or kitchen vegetables. Of 
the vegetables the most common are the Lau or Kudoo (Lagenaria 
and the Kumia (white or Chal-kumi’a—BsffwcflJfl canifcra). 
Other plants are Cucumis melCy the Musk Melon (Khsrbooj); 
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Cuaabna maxima, the Qoard (Belati Kamra); Cucurtia ptpo, the 
Tumpkin ; CHruUus*vulgaris, the Water-melon (Torbboj). Of the bitter 
vegetables Uiffa acutangula (Jhinga) and MomordSca tkaronSa (Sarela) 
are used in Indian curries. Caphalandra imSca (Telakucha), a wild hedge-' 
olimber, produced very bcaulifnl red berries which are greedily eaten 
by birds. A similar plant is the Makal (Tricbosat^ms pdmata), 

RUB]ACEAE{ (Rangun family). 

Distinguishing chaiacters.—Trse8> shrubs or herbs with 
entile, simple, opposite leaves having interpetiolar stipules. 

Flowers regular, hermaphrodite, gamopetalous, epigyn- 
ous, often 4-merou8. 

Stamens 4 or 5, epipetalous, alternating with oorolfat* 
lobes. 

Ovary inferior, two-celled with two or more seeds. 

Type I. RANGUN (Ttora coccinaa). 

A common bushy garden shrub planted for its delightful 
cluster of flowers. The stem is hard, woody and much- 
branched. The leaves are opposite, almost sessile, oblong, 
entire, tnngh and leathery. Between the abbreviated petioles 
lie two scarions STIPULES, one on each side. These are the 
interpetiolar stipules bo charac¬ 
teristic of the order. 

The flowers arise in dense 
olusters- at the end of the short 
twigs in di(^basial cymes which 
are highly attractive for their 
scarlet colour. The calyx has a 
small tube adnate to the wall of 
the ovary, and is represented by 
only four minute teeth (fig.180). 

The gamopetalous COROLLA has 
a long slender tube spreading 
above into a four-parted limb, 

These corolla-jobcs remain twis- 



Fig. 353, Floral diagram 
of Rubiaceie, showing the 
tetramerous calyx, corolla, 
and stamens, and dimerobs 
ovary. 
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ted in the bud. Stamens four, inserted in the mouth of the 
coroUa'tube alternating with the lobes. The filaments are 
\&vy short so that the anthers appear almost sessile. Gynoe- 
CiUM consists of two united carpels, a single long style, and a 
bifid stigma. Ovary syncarpons, inferior, two-celled, each 
containing one ovule. The FRUIT is a succulent scarlet- 
coloured drupe with two small I-seeded stones. Seeds with 
homy or fleshy albumen. 

Pollination takes place with the help of insects. Honey 
is secreted by a small disc round the base of the style. Only 
bees and. butterflies provided with long tongues can pollinate. 
For, the nectar is secreted a longdistance away from the mouth 
of the tubular corolla and can only be reached with a tongue 
of corresponding length. A long-tongued bee, while creeping 
over the dense floral clusters and dipping here and there 
for having a sip, brings its bead in contact either with 
the anthers or with the bifid stigmas of different flowers. 
Inter-crossing is often geitonogamous (p. 128). 

Type II. K ADA MBA (Anthocephalous cadamba). 

The plant is a huge tree with very large prominently 
ponni-nerved, simple, opposite, petiolato leaves. The sti¬ 
pules are caducous ; they protect the young terminal buds 
of the shoot but fall away ns soon as the stem elongates. 
The FLOWERS are clustered in very attractive globose heads, 
of the size of tennis balls. The numerous STYLES and 
STIGMAS, projecting far above the floweis, form a white 
fringe which heightens the beauty of the cluster. The minute 
calyx has a five-parted limb ; corolla is small, funnel-shaped. 
Stamens ' 4, very long; style of equal length, bifid. The 
flowers are presumably pollinated by bats and birds, the 
luicy stamens affording food. The fruit is an inferior, 
foui~8ided, two-celled, many-seeded cap-ule. 

Other Rubinecou* plants aic Gandharaj {Cardada fhrkla), a 
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mach branched tree with large, Bolitary, axillary, fragrant, white 
flowers ; the flowers here are not tubular as in the last two cases and 
very frequently become doubled (p, 97). The Manjeet (Rybia cordf/iolia) 
ib a climbing herb. The well-known Cinchona plant (Cbtchtma 
sucdrubra) yields quinine from its bark. Sadapata {Mussagnda 
oorymbosa is a small shruby plant peculiar on account of the striking 
development of one of the calyx-lobes as a large white leaf. The well- 
known Coffee plant (Coifta arabica) is cultivated for the coffee which is 
obts ined from the seeds. 

The interpetiolar stipules (flg. 79) of Kubiaoeae are very distinctive 
of the whole order. The stipules sometimes become large and leaf-like 
(FOliiACKOTTS) and form with their leaves a false whorl round the stem 
(Munject). 

* 

COMPOSITAE (Sunflower family). 

Distinguishing characters.—Herbs with simple, alte:inDate 
or opposite leaves. 

Flowers epigynous, gamophyllous, aggregated in 
capitula. 

Stamens five with syugonesious anthers. 

Ovary inferior, 1-locular, with one ovule. 

Fruit a dry indehiscent cypsel.i with persistent calyx, 
often in the form of pappus. 

Type I. SUN*FLOWER (HeliontJms annuus). 

There are many varieties of the Sunflower cultivated 
in gardens. All are herbs with a herbaceous, hairy, hollow 
stem. The leaves are simple, alternate, exstipulate, petio- 
late, large, slightly cordate at the base, ovate-acuminate, 
and rough with stiff hairs. The margin is broadly serrate ; 
there are two sti’ong lateral veins on the two sides of a 
strong midrib. 

The stem and branches terminate in large CAPITULA 
(p. 79, fig. 133) which turn their faces towards the sun 
(hence the name Sunflower). There are two kinds of 
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flowort]: those on the oircnmferenoe of the oapitulum are 
large and strap-ahapod or ligulate—these are the RAY- 
FLORECTS; those inside the circle, seated sessile on the flat sur- 



Pi^. !ir>4. (^apilulnin ot Sun-llowor cut. v(»rricajly to jihow : Th, the 
rachifi; br, the irivoluorc (tf brads; U, the ray-Hords; D,D, ttic 
disc-florets, 

face of the receptacle, are small and tubular—these are the 
DISC-FLORETS (see p, 86). All the florets are epigynous, 
the ovary being enclosed within a hollow thalamus the rim 
of which forms the calyx-tubo. Each floret is subtended by a 
small, thin, white scale which is a bract aud is known as the 
FALE.® (p. 81, fig. 137). The flower cluster is surrounded 
on the outside by whorls of small green leaf-like bracts— 
these constitute an involucre (fig. 133). 

The ray-florets are irregular and unisexual, being 
pistillate. The tubular calyx is not apparent being adherent 
to the inferior ovary. There are, however, two small scales 
at the base of the corolla which represent the calyx-lobes. 
The COROLLA is gamopetalous ; there is a very short tube 
at the base which appears to be split at one side and 
then the corolla spreads out in the form of a long flat lip. 
The tip of this ligulate corolla is here acute but in other 
plants of the family has 3 to 5 indentations which represent 
so many petals. (See figs. 171, 176). 
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Th« DISO-PLORETS are regular, tubular, twollen at t^ie 
base with fl^e oorolla-lobes represeotiug the p^ls, and 
are hermaphrodite and epigynous*. Amdr^SOIUM oorisitts 
of hve epipetalous stamens springing from the oomlla with 
free filaments and cohering anthers (syngenesious, p. Ill, 
see fig. 186). Calyx as in the ray-florets. 



Fig. 355. Garden Sunflower. 



Fig. 356. Floral dia¬ 
gram of CompoBitea. The 
outer dottetl circle icpTe- 
Bcnta the pappose calyx^ 
next oomcB the circle of 
corolla-lobes. The third 
circle represents the syn- 
genesious stamens. In the 
centre is the 1-oclled ovary 
with ft single seed. 


The GYNCECIUM of all the flowers consists of two carpels 
wbioh form a syncarpoua inferior ovary, a single style, and 
a bifid stigma. The ovary is unilocular, contains only one 
erect ovule, and matures into a OYPSBLA (p. 143, see fig. 
246)* The calyx persists in the form of two very short 
membranous wings on the top. Seed exalbuminous, 
has two large cotyledons between which nestles a small 
plumule. 

Pollination t—The flowers open very gradually Sfrom 
the ciTcumforence to the centre. They are protandrons 
(p. 129), and are pollinated by inseote (Bees). The ray 
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floret* aerve to make the infloresoenoe oonapiououa; the 
coantlesa disc-floreta produce a large surplus of pollen which 
is collected by Bees as they crawl over the cluster. The 
pollen is discharged inside the tube formed by the coherent 
anthers over the bead of the still elongating immature 
style. This is provided with hairs on the outsidei and the 
hairs catch the pollen-grains, so the style at this stage 
appears somewhat like a paint-brush. At first the elonga¬ 
ting style sweeps the pollen above so that insects crawling 
oyer the flowers get it easily (see figs. 223—86). After some 
time the style bifurcates and the stigma is ripened. Now 
the pol)en is almost beyond the reach of the insects, because 
the tip of the style is now reflexed. As the insects trample 

4 

6a all the flowers, the pollen from the younger ones reaches 
tha mlder florets which are ready with their bifid stigma. 
W the failure of inter-crossitig self-pollination takes place, 
as has been described on pp. 133 and 136. 

Other Conipo$iitae plants having almost the same Aural stincture are 
Marigold (Genda — Tagates Patula) and Zinnia {Zuinia Sagans). In these 
plants, however, the flowers are frequently doubled. In Zinnia the 
leaves are opposite and sessile ; those of Marigold arc alternate but ini- 
paripinnatcly compound. 

Type II. KUSUM (Safflower— Oarihamus tinetorius). 

The plant is an annual (winter) herb with many axillary 
branches. Lbavbs simple, alternate, exstipulate, sessile, 
broad-lanceolate with deeply cut spinous margins. The 
FLOWBRS form small heads which in the bud are perfectly 
globular. The involuoral braots form very compact imbricate 
whorls armed with spines and bristles. There are no strap- 
shaped ray-fiorets. The flowers are all of the same form, 
gamopetalouB. irregularly bell-shaped, with five corolla-lobes. 
The small bracts which subtend the individual flowers 
(paleae) are foliaceous. Andrsecium and gynosoium as in the 
last type. 

24 
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Th« plant ia cultivated for the sake of a brilliant dye 
(Carthamin) obtained from its deep orange flowers, also 
for the oil which can be expressed out of its seeds. 

The Compoaitae forms a very well-defined natural order 
of plants characterised by their inflorescence, the syogenesious 
stamens, and inferior uni-locnlar ovary with one ovule; 
the calyx is often indistinguishable but sometimes forms a 
tuft of hairs crowning the ovary and the fruit—this is called 
the pappus Another vei 7 characteristic feature, 

though not of Ht^pottanoe in classification, is the preseiw» of 

INULIM instead of starch in the subterranean parts (p. l9fiX 
Other common planlB of the order are.—the ChaandcailUiimca 
(ChryBanthcmams), highly piiscd for their ciogaut 
dntrea (Kokshiin) is a very common Wi-ed of waste places ; 
/luctuMS (Hingcha) is a water-plant often taken as a renwHllr^ lor 
tialuience and sleepicssness. 

I 

> I 

I 

SOL AN AC E AE (Potato fanaily) 

Distinguishing characters.— Herbs or shrubs with 
simple or pinnate, alternate, oxstipulate lkavbs. 

Flowers regular, gamopetalous, pentaracrous, herma¬ 
phrodite, hypogynous. Stambks five, epipotaious. 



Fig. ».57. Flower Fig. JJ68. The same Fig. 859. An anther 
of Potato; Bt, oat vertioslly; of same showing 

stamens; s, the st, stamens; s, porous dehiscence; 

stigma. stigma. p, the pollen. 

, Ovary superior, twodocular, with a prominent axile 
{dacenta bearing numerous ovules. 
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SOLANACEAE ^ 3»1 

t Wft » 

Fbvit a berry, less often a cirpsvie, with ntitnerons seeds. 

<r 

♦ 

Type I. THE POTATO (Solanum tvhtrosvm). 

* 

Tbe plant is a smsdl annual berb outtivated for ite 
tubers (p. 33, fig. 40) which are swollen portions of under¬ 
ground stoloniferous branches, leaves large, siihple, pinnate- 
ly lobed i between 1^4 larger lobes are smaller ones, the 
terminal lobe beinff Hie largest. 

Fiowen solitary, axillHry, regular aiid hypdgynous. 
Calyx consists of 0 sepals united at, the base to form a 
flat cup. CoftOLLA rotate, gamopetalous with* five spread¬ 
ing lobes: the latter are tdaljted and twii^d (p. 109) in 
bud. Stamens epipetalpus, alternating with the oorOlla- 
Jobes, with large coherent anthers whicfli dehisce by apical 
pores (p. 113). Oyncecium consists of two carpels united 
to form a superior synoarpous ovary, a single style, and 



Fig. 960. The Brinjal plant. 

a simple stigma. The ovary is two-cellcd with numerous 
ovules attocbed to a promiuenlly peltate ayile placenta. 
Fruit ie a round green berry with many seeds. 
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Tho Brinjal (Solanum rmilongena —Ba{;uu)> well-kiiown 

for its large berries, has a very similar floral structure. Tho 
leaves, however, are not lobed but are simple and peculiar 
in having several stiff prickles on its lower surface. Another 
plant having a similar floral structure is the common weed 
Kantikari (Solatium moHihocarpum). It is a prickly herb 
with pinnatifid leaves which are very spinous, the lobes 
being drawn out into hard spines. It has small bluish 
rotate flowers and yellow spherical berries streaked with 
white lines. The Capsicum (Lunka— frviescens) 
has also a similar floral structure. The fruit is a long 
dry berry. 

Type II. THE TOBACCO (Nkotiana tabaeum). 

The plant is a small herb covered with sticky glandular 
hairs. The large leaves are simple, alternate, entire, and 



Fig, 362. The Datura plaut. 

of varying size. The flowers arise in terminal cymoso 
fascicles, are either white or red. Floral structure same 
as given before, but the corolla is bell-shaped and 



as^jlk^iadaceae m 
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elongated (not ratate as in the various spobies of Solanom) 
with the plaited aestivation peculiar to ^e order. The, five 
STAMENS are epipetalous, alternating with the corolla-lobes, 
the adhering filaments forming ridges on the corolla. The 
fruit is a capsule, bursting into two valves. 

The Datura (Datwa stramonium) is a common weed with 
large unsymmetrioal leaves. The corolla (p. 108, fig. 181) 
forms a large funnel of a pure white colour giving out a sweet 
fragrance at night'fsll. It is a moth-flower (see p. 126). 
The fruit is peculiar in having four chambers, solanaceous 
fruits being usually two-celled. The Datura fruit is a 
capsule like that of the Tobacco, but it bursts into four 
valves (fig. 239). It is covered all over with prickles whibh 
serve to protect the young fruit. The flattened seeds are 
highly poisonous. 

SOLANACKOUs plautH are generaily poisonoae being rich In alkaloids. 
The poifionouB principle lies geneiaily in alkaloids. Thus, Datura seeds 
contain the deadly alkaloid datxjizxkb ; Tobacco seeds, as well as 
every part of the plant, contain the toxic alkaloid nicotink ; the 
American Belladona plant athopine and so on. Even the Solanum 
plants contain a poisonous substance named solakine. By long 
cultivation, however, most of the plants—those which form esculent 
vegetables—have lost their poisonous property—the Potato, the 
Brinjal, the Tomato (Belati Be^ooi.—Lycopersicum tscuUntum) and 
Tc'pari (the Cape Gooseberry— Ffysalts peruviana}. The latter lias a 
very peculiar fruit which is a berry enveloped by a thin papery bladder 
(accrescent calyx, p, 1€6). The Kantikari (SolahuM xanthocarpum^Si 
prickly lierb of waste landR, and the Aswagandha {Withattia scninifera}y 
a cultivated plant, arc used in Hindu medicine, the latter yielding the 
Aswagandha wine. 


ASCLEPIADACAE (The Akanda famUy), 

DiitinguUbiiig characters The plants are herbs or shrubs, often 
twiners, with milky luicc . The leaw are entire, opposite, petiolate 
and exsti^ulate, ^ .. 


Fhivers Regular, pentamerous, contorted in bud } 
the corolla bearipi; a ch cle of Wtgrcwtte 
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Swti0is g ypsndroBi ; filAmctits uniting togrtber to form 
a hollow tube whicfi enoloics ibe stylo ; fioUes*graiss are aggregated 
to fora distitaot pollinia. (p. 113)« 

CoiTsbTwo, distinct or coherent below; stigmas forming a 
pentagonal shield-shaped struotnreB to which the anthers arc adhei eni, 

/Vidf:—a palr_of follicles often one by abortion; containi^ 
nnmerooB oomose or hairy seeds , 

AKANDA OR MADAR.—(C’alofropts gigantea). 

The l^nt is a shrub and grows everywhere in tropical regions. The 
surface of the stem as well as of its leaves is covered with white waxy 
hairs and anatomically very rich in latex-containing glands. {V, 186 and 
6g. 276 d) The leaves are entire and opposite and remain green even 
in the hott-et and driest parts of the year. The flowers of the plant 
are foond clostercd in umbellate inflorescence. The calyx oonsists of 
live connate inferior sepals, the corolla of live connate valvatelj lobed 
petals on which stands adnately the corona—a crown-shaped structure, 
(p. 107). PoifLiKATiON takes place with the help of flies (fly-flowers, 
p. 125), The pollinia is attached to sticky glands at the corner of the 

I 

pentagonal stigma. Insects alighting on the broad stigma in search 
of nectar caiTy off several pollinia with their feet to another flower 
and thus brings about the fertilisation. The resulting fruit is a pair of 
follicles with numerous seeds which are provided with a tuft of * Coma' 
at the hilum—a suitable mechanism known asiparachute mechanism for 
their dispersion. (Fig. 23H; p, 167). The plant is economically important 
for the immensely strong fibres obtained from its stem. Other plants 
are Calotropis procera, f^ada-Akanda; Sftp^uwetis flofimndoy a large 
garden climber with handsome tioweis ; and the Anantamul or Indian 
Barsaparilla, N 0 miksmus wdidiSi a shruby twiner, 


CONVOLVULACEAE (Morning-glory family). 

Diflitinguishing characters.—Twining herbs or shrubs 
with alternate, simple, exstipulate, cordate LEAVES. 

Flowers large conspicuous, gamopetalous, hypogynous, 
hermaphrodite, with contorted aestivation. 

Stamens five, epipetalous. 



LABUTAfi ' 

OVABV tttparior, usually taro'cellodi sHMi two oVoIm in 
each oelli or 4*oell8d with I ovuIa in eaoh oell. 

Fruit a capsule or berry. Seed ezalbntaioousi with the 
embryo having crumpled green cotyledons. 

KALMI-SHAK-(/pomoea rgptan»). 

The plant is an aquatic annual herb with very long* 
.iointed, hollow, smooth stem floating on the Wi^r, and 
alternate long-petioled, cordate, oblong or sagittate,«entire, 
simple LBAVKS. Flowers arise in small three or 8ix*flower' 
ed fascicles or umbels. They are large, of a beautiful rose 
colour. Caltx consists of five sepals, united at the base th 
form a short cup. Ookolla largo, gamopetalous, bell*shaped 
with five lobes representing the petals. The corolla-lobes 
are folded along the median lines (representing midribs) 
and twisted in the bud (aestivation plaited-ooutorted). 
Stamens five, epipetalous, free, alternating with the lobes of 
the corolla. Gyncboium of two carpels forming a superior 
ovary, a single style and two globose stigmas. OVARY two- 
celled with two ovules in each cell. Fruit a globose capsule. 

There arc several other Ipomotas The Sweet Potato (Sakarkaad* 
aloo—Ranga.aloo—/pomosa batatas) is a oreepiog herb oaltivated on 
account of its tubecpus roots which store a large quantity of starch and 
sugar. Ipomoaa bma-nux ithe Moon flower) is an extensive twiner; it 
has large white flowers which open at dusk and etnit a far.reaohing 
fragrance. QuamocUt pbuiata (Tom-lata) is a small annual twiner with 
much divided leaves, the leaflets looking like long flattened needles. 

^ Tke flower has a funnel-shaped corolla of a brilliant red colour. 

The parasite Ousouta mentioned on pp. 26 and S04 is another 
oonvolvulaoeuna plant. 

LABIATAE (Toolsi family). 

DietinguUhing cKatacten.->-Herbs with square stems, 
and simple opposite decussate lvAves. 
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FLowsrs clustered in vertioillasters. Flower irregular, 
bilabiate, gamopetalous, hermaphrodite, hypogynous. 

Stamens four, didynamous, rarely diandrous. 

Ovary deeply four-lobed, 4*oelIed, with 1 ovule in each 
cell, stigma bifid, style gynobasic. 

Fruit oi four dry acheues seated in a persistent calyx. 

Type I. THE TOO LSI (Ocimum sanctum). 

The plant is a small woody perennial herh with square 
stem and branches. Leaves simple, decussate, exstipulate, 
petiolate, elliptical with serrate margin. When crushed 
between the fingers the stems and loaves give out a character* 
istio odour. This is due to the presence of an ethereal 
OIL secreted by small glandular hairs scattered over the 
surface of the stems and leaves. 



Fig. 368. Flower of Labiatas, longitadinal section ; showing the 
foBT-lobed ovary (ov) with gynobasic style and bifid stigma (st). 

llie flowera form small cymes in the axils of the opposite 
leaves, the whorl being called a VBBTIOILLAstbr (p. 88; 
^flg. The separate cymes forming the whorl may be 



LAKATAfi m 

and^heif oymoae natora dateisoiioad. It will be^ouud 
tbataoentnJ flower opens first: there are usaalljr three 
pairs of snob oymes. The verticiilasters are in tbelr turn 
arranged on an elongated stem and develop aoropetally. 
Henoe the whole infloresoenoe is a mixed one->it is a 
system of vertioiUasters developed raoemosely. 

Ea(^ small flower is short-stalkedi of a light purple 
colour; it is two-lipped> hypogynous and hermaphrodite. 
CALYX bilabiatei gamosepalous, with the upper lip dreular and 
the lower one fourpaited. corolla gamopetabus. somewhat 
horizontal, bilabiate, with the upper lip four-cleft, the. bwer 
one boat'shaped, entire, and curved downwards. stamrn.s 
four, two short and two long, didynamous, bent down, lying 
in the boat'shaped lower lip’ of the corolla. OYHOBOiuitt 
consisting of two carpels fused to form a superior syncarpous 
ovary, a single style, and'a bifid stigma. The ovary is 
surrounded at the base by a ring-shaped disc which secretes 
honey ; it is deeply fourlobed, the style springing from the 
base of the lobes (gynobasio, fig. 363). fruit consists of 
four separate achenes, really mericarps, (p. 146) lying in the 
cup-shaped persistent calyx ; they look like small seeds and 
have a hard outer wall. 



Fig. 804. Floral diagram 
of Labiatm, 

84(a> 



Wig, 86B. Ve9ticillftitor of lAbiAtse, 
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Other plants of the oixler are: the oommon weeds 
Hulkusha or Qbahghasa (Leucas aspera), Babul Tools! 
{pcimwm basilicum), and several other species of Toolsi. 
The aromatic herb Podina, commonly used in making 
obutneys. is Mentha, arvensis. Most Labiatee plants are 
inhabitants of cool climates and are important for the 
fragrant oil which they yield. Oil of Lavendai* is obtained 
from Lavandula vera ; oil of Pipermint from Mentha piperata. 

Very closely allied to the Labiatfe is the order Verbeoacew, the 
Teak family. It has irregular flowers but not in verticillasters, 
didynamoDB or diandrous Blacncnp, 2-4 celled euperior ovary and a 
terminal utylc. Tlio Teak, tree {Teciona grandis)^ well-known for its 
valuable timber, is n large forest tree with very largo, deciduous, 
prominently-veined, opposite leaves. The flowers are smaJJ but cluster¬ 
ed in largo, white paniclos wliich'givc u very delightful appearance 
to the plant when in flower (cold season). The flower ig bexaudroue 
and rather regular^ a character not often shared by other verbinaceous 
plants. The calyx anti corolla too have six segments or lobes. The 
ovary is fouv-lobcd and grows under cover of an enlarged, bladdery, 
persistent calyx into a 4-cellcd drupe with a heavy coating of hairs. 
The commonest verbinaceous plant is the weed CUrodandron iff 
f^rtunatum mentioned on p. 130 for its characteristic pollination. 
Many plants of this order are small shrubs or herbs ; various species 
of V$f^na an<l Lantana are ornamental garden herbs. The common 
plant Kishinda {,Vit$x nigando) is a tall shrub with palmately 
compound (p. 6l) grey leaves, covered with a silvery down all over, 
which are cstoomed as febrifuge and antiseptic in Hindu nwdicine. 

ACANTHACEAE (Bakaah family). 

Distinguishing charactersHerbs and shrnbs with 
simple, opposite, entii-e lbavas and irregular bilabiate gamo- 
potalous flowers in bracteate spikes. The latter are very 
charaoteristic, for the bracts are often very prominent, and 
overlapping each other like the scales of flsh hide the young 
flowers before they are fully opened. 

Calyx, Corolla and Stamens as in Labiates. 

Ovary BUperioV . of 2 carpels, 2-eel led with many ovuIm 
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attached to the placenta by Jong funioiest Style teiminalt 
stigma 2-6d. 

Fruit a 2*valved capsule often brusting with a sttdde n 
j erk to scatter the seeds wid alv. (p. 169). 

Seeds attached to hard hooked supports* usually exalbu- 
minous. 


BAKASH {Adhatoda Fa$ica), 

The plant is a perennial shrub well-known for its immense 
use as a medicine for cold and cough. The dbavbs are 
large* entire, exstipulate and lanceolate. The influrescence 
is a bracteate spike. The flowers are sygomorphio, herma¬ 
phrodite with fire sepals which are slightly connate at the 
base; the petals also number five but form a bilabiate 
corolla by coalescence, the. upper lip being composed of 
two petals and the lower one of three; the lobes remain 
twisted in the bud. The inner surface of the lower lip is 
marked with violet linings known as nectar-guides. The 
flowers are protandrous and Pollination is effected with the 
aid of bees. The lower part of the COROLLA is a tube the 
upper part of which splits up into two lips. The lower lip 
is broad and forms the conspicuous part of the flower ; the 
upper lip is like a hood sheltering the bent didynamous 
stamens. Bees which pollinate these flowers sit on the lower 
lip, and as they push their body and tongue into the hollow of 
the corolla to reach the honey-secreting glands at the base 
of the ovary, the arching stamens come in contact with 
their back and load it with pollen-grains. The flowei*s are 
protandrous and consequently when the bee thus loaded 
visits an older flower, the bifid stigma also arching from 
under the hood of the upper lip, comes in contact with the 
pollen at the back of the insect and becomes pollinated 
(Bee flowers;-See p. 126, figs. 220, 221). The fruit is 
a Capsule^ 
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. 1 . 

Hie DKiBt OQDQiQon are tbe Sal-aa^glt (4aehvrqrt£f j wwtotaM 

Died as a febriftt^ and liver-tonic; Snle-kham {ffygng^^t SptuM} a 
apinoaa marshy herb very extensively nscd by Indian Earira|hi as a 
remedy lor diarrhoea; |everal specie* of Juatida Md RuMa are orna¬ 
mental garden herbs. 

The order is very closely allied to Ubitaiimy bnt diflsrs from the 
latter by a il- celled nnlobed ovary, terminal style, muiy-soedcd capsnlar 
froit and inflorescence in bnu^nate spikes. 

AMARANTACEAE (CockVcomb family). 

Diatingui^ing chaiactexa—Herbs with exatipul&te, 
simple LEAVES. 

Flowers minute, scaly, dry, condensed in spikes or 
heads, regular, Jiypogynous, hermaphrodite. 

Corolla absent, calyx scaly, coloured or scarious, persistent. 
Stamens five, free. 

Ovary superior, one'celled, with one or. more ovules. 

Fruit an utricle or a pyxis. 

Type I. THE COCK’S-COMB {GMn. cris/afa). 

The plant (fig. 149) is a hardy annual with alternate, 
simple, oxstipulate leaves which vary in size and slightly 
in shape at different parte. Flowers arise at the terminal 
part of the main axis, or of the branches as well when present, 
in dense coloured spikes or heads which spread out fiat like 
a cock’s'comh (c^NANTBIUM, p. 85). The minute flowers 
are subtended by glistening scalv braots. Perianth 
consists of five bard, membranous, white or coloured sepals. 

7here are no petals. Stamens five, opposite to the sepals, 
free for the most part except at the base where the five filar 
ments are connected by a dry membranous tube. GYNatCiUM 
consists of a single superior spherical ovaryj a single contra! 
style, and a roundish capitate stigma. OvABY one*oelled 
with 2 or more ovules, maturing into a thin, dry, shining 
pyxis (p. 143) which breaks op when ripe into two oup'shaped 
parts. Seeps indefinite, minute, black, shining, smooth. 



Ttp». n.. NATYA«SHAK (^^ara«iw>. 

*r« teTeral kiods of tbo K»t]ra*sl>ak. H»« Kanta* 
nalyii (Jmitrantus spimftu) i> an eraet raiaouB anmial witlt 
aharp tibonu in the axita of t|te leatrea.^ Tbe cultivated Natya 
JSiMimtn, «a^ oUrtma), the apeoioa most commonly ^d, has 
no tl^OYttt and differs also from the last in^having three'instead 
of five stamens. Tke Lahiatya (^t ganffetieut) is like the Ifwt. 

These anpuid HSgaS' differ from the CockVcomb in 
beinjif unisexual. The minute sessile fixdwkrs form eompaet 
temAoal spikes ot axillary glomendes (p. 88). Each flower 
hae a scaly braot ai^ two lateral bmetmdes. There is no 
corolla. Calyx consists of three small hard sepals, each 
terminating in a hard point in cultivated species, and of fi^e 
sepals in the Kanta*natya. Stamens five in the latter ^ 
and only three in the former. 

Ovary one-celled, with only 
one ovule. Fruit an utricle 
with a single seed. 

The order is not very 
welbdefined as will appear 
from the above. The plants 
may, however, be at once 
recognised by the small, 
regular, scaly, bard fiowers 
and coloured or otherwise 
shining calyx. The ovary 
is also distinctive, as well as 
the fruit, but the number of 
seeds varies very much. 

The Amaraotacee are 

mostly weedy herbs or small Fig. 366. The Apang; to the 
shrubs. A very common weed ‘■he flower ; c, bracts; b, 

of waste phtoes is Apang, 8ta»en». 

{asptra fig. 366). The iiutta bend down and 
remain .adpressed to the axis of the spike ; they are easily 
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dispersed by roving animals, lor they have fine stiff-pointed 
sepals Bmrounding them which become easily attached' to 
the skin of animals. 

URTICACEAE (Fig family). 

TreeB, 'Shrubs, or horbe generally with hard rough simple leaves and 
milky juice. Flowers minute/imperfect monoecious or dioecious, often 
forming dense infiorescences. Ovary superior, one^ccllcd with one ovule. 

This large order is usually divided into three sub-orders :— 

1. Moraceac, the Fig and Batiyan family. Trees or shrnbs with 
large stipules which fall off very early, and milky juice ; ovule pendulous, 

2. Cannabinaceae, the Ganja family. Herbs without milky juice 
and persistent stipules ; ovule pendulous. 

3« Uriicaceae, the Biebui (Nettle) family. Herbs and shrubs 
without milky juice ; ovule enct. 

MORACEAE. 

This sub-order includes the various ti^)ecieR of Figs and Banyans, as 
well as the Jack and the Mulberry trees which are easily distlnguislicd 
by their milky latex and peculiar multiple fruits (p. 150). The leaves 
are rather rough, alternate and stipulate ; the stipules protect the young 
Icaf-buds but fall off as soon as the bud unfolds (caducous). The 
infforcEcencc of Fig (fig, 150) is a hypauthodium (p. 89); likewise that 
of the Banyans. The flowers are unisexual and occur in the same inflo¬ 
rescence in the Fig and Banyans, indifferent spikes in the Jack. They 
are very minute. There is no corolla. The staminatc flowers has only 
one or two stamens and four sepals. The pistillate flower has a tubular 
perianth, and an one-celled superior ovary containing but a single 
ovule with a bifid stigma. The ovary of the Fig and Banyans matures 
into a small bard seed-like acbene ; of the Jack and Mulberry into a 
succulent berry. The frui»s, however, al* unite to form a multiple fruit. 

The Fig plant is Ficus glomernia: the Indian Banyan is Ficus 
Bengalensis^ remarkable for the large number of adventitious prop-roots 
(p, 21, fig. 31) which its branches produce ; the Sacred Banyan (Aswatha, 
Pipul) is Ftots reVigiosa. The Jack tree is Artocarpus mtugr^bUdy 
well-known for its huge nutritious fruits. The Mulberry tree, cultivated 
mainly for feeding silk-worms in gerioulture, is Morus indica. 

Of the sub-order Urdcaceae the commonest plant is the Lai Bichuti 
(Fiuurya inttrrupta)^ an erect annual weed with stinging hairs. 
The flowera are small and clustered in axillary or racemose cymes. 
The perianth consists bf lour green scales, free from the superior 
o ne<oeUed ovary. 7 
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Of th« Caaa«bia»ee«* the 0»:nia plant {Cowu^ stOm) is the 
most important. It is a ffinall dioecions hab with palmatisect leaves 



Pip. 367. Ficus The India-rubber plant. 

and small greenish-white (lowers. The dried female plants constitute 
ganja; charas so much smoked by the Chinese, is the resin exuding 
from the leaves, stems and flowers of the plant. 


EUPHORBIACEAE. (Ricinus family.) 

Diatinguiahing charactera.—Trees, shrubs or herbs 
usually ooutainiog a milky or watery jnioe, 

Lbavbs usually simple, with small caducous or persis¬ 
tent stipules. 

Flowbkb as a rule minute, unisexual, often surrounded 
by bracts, bypogynous. 

Corolla absent, oalyx present or a^went, insignificant. 
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Stilit^s tftFiousr {rom 1 to 

Cabps^ $• united. Otabt S'Oetled with I or 2 t)VttIii8 
in e«cfa cell. STtOMA of 3 bifid branohee. 

ir 

Fbuit a capsule breaking into 3 indebisoent ooooi> some* 
times ooooi also dehiscing with force. 

llils is a very large tropical family of plants distinguisb' 
ed by their iaioei smAll inconspicuous unisexual flowers and 

superior 3-oelied fruit. The most common plant is the 

> 

castoroil plant (Bheranda or Kerhi.~At(»ntti csmmunis) 
shown in fig. 368. This is a large tree-like herb with large 
altern-vte, peltate, palmately-lobed simple leaves O) and 
terminal panicles of unisexual flowers. The male or 
staminate flowers are on the lower part of the inflorescence, 
the female flowers are at the top (2). Each male flower 
contains 6 sep^s and a copiously branched cluster of stamens 
(6). The female flower (3) oontains^the 3'celled ovary with 
3 large bifid stigma. The structure of the stamen and the 
stigma shows that the flowers are wind-pollinated. Each 
cell of the ovary contains a single ovule (4). The fruit is a 
capsule dehiscing with explosion so that the seed is scattered 
to a great distance. 

Other common plants are.—The Lai Bbareada {JatrapM gossyptfalia) 
and the Bsg*Bbarenda (.Jatropha curcus) are common ro^-side plants. 
The Coral plant {Jaltvpha nmUifida) is a ga'-den plant with diobotomoasly 
branched cymes of small red flowets. The TrLshir tfonsa (Etfhoriia 
aiftiqmnun) >8 a common hedge plant with succnlent leafiess thick 
S-angted stem armed with spines. The Monsa or Moosa'Sliij (Etgiftorbla 
ntr^l{a)f sacred to the goddess BXoi^, is another fleshy plant with 
thick fleshy leav^ LaUpata {Euphorbia puldttririmcH iS another favourite 
garden plant with a circle of vermiilionTOOlonred' bract-leaves at the 
eml of the twigs. The Crotons of the (gardens so much prized for their 
coloured variegated leaves are species of Codieum varitgoiam. The hedge* 

plant Bang’Obitra ia PtdSlaHtmsi^malotdts. The Lal-Bbiobuti (Truyw 
imnbfcr'ttd) is a stnaJi twining or trailing herb covered all over with 
stiiqiiAg hairs which give a very painful sensation when rubbed over 

The msder abounds 'in many economic plants of the highest Impor* 


- 



EtTFHOBBUOJS^fi m 

Isnoe, Th« Jndia Bobber ^ree$ {f/mm SrcaHtMas ood Attmihot Giatwuti) 
ore mobb ooUirotod for tbitir yield of Bobber wbioh is obtaioed from 

Ifae milky joioe flowing B«w inniiioa^ mode *te the bark. There are 

■4 



Fig. 368. The €hwtor<el| plant. 

many piants of merfleiaal ealoe, sttoh .es the Mokte-ilriiiii or Bwst* 
Basebta (.4ai5tplo Mfes) end the Shirni {B hp ko r ift eddtdi 

there are 4£Bm«nt Tarietiet. >' 

' ' r * /» . . I 

' 'S5' 







CHAPTER XXX 
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MONOCOTYLEDONS, 
GRAMINACEAE—(Graw family). 

Distinguishins characters.-^H bRbs (except the Bamboo) 
with jgdtited cylindrical stem, hollow interoodes and alternate 
ligulate sheathing i.bavbs. 

Flowers in spikelets with scaly glumes, very imperfect, 
inconspicuous, anemophilous. 

Stamens usually three (or in some cases six) with large 
versatile anthers. 

Ovary superior, ono-celled, with a solitary ovule and 
crowned with two long feathery styles. 

Frttit a dry caryopsis with abundant starchy albumen. 

Type I, THE RICE PLANT {Oryna taiiva). 

The plant is a herb with a slender erect stem, solid at 
the nodes and hollow in the internodes (culm, p. 34), 
which produces numerous fibrous roots from the lower 
nodes. Leaves solitary at each node which they encircle 
by their sheathing base split on one side, distichous (p. 72), 
simple. The blade is linear with parallel venation ; between 
the blade and the sheath is a membranous appendage, 
termed the LIOULE (p. 62) which prevents rain-water from 
running into the sheath and rotting the tender nodes. The 
epidermis is silicated and hence the blade gives a sharp out 
when sharply drawn through the fingers; 

Flowers arise in panicles. The lateral branches of the 
inflorescence are one-flowered spikelets tfig. 371). Each 
ipikelet has two minute outer braots (G) subtending it 

two large inner bracts, called PALBJt (pt, p.) one of 

/ 

whiph is provided with an AWN (a), Enclosed by these 



attAMlNACKikS 38? 

aoaly bnieto is tbe very muoh redsoed fi9W«r« Tbs psriiuitfa 
Imvsb are represeutied, by two inlntete Jseby scales called 



Fig. S69. The Kioe p!ant. ma ; 1, loilicalcfl, a, anthex«« 


LODicuLES. Stamens six with slender filaments and large 

\ 

linear versatile anthers (a). Gyncecium consists of but a 
single carpel standing opposite the paleie. The ovary is 
superior, rounded, small, oue*oellcd and contains but a single 
campylotropoTis ovule. There are two mncb branched 
FEATHERY STYLES. The FRUIT is the welMinown grain ; the 
husks are the bracts, and the inner grain is the fruit (OAR- 
YOPSis). The pericarp is thin'and adhejfent tO the still 



.§88 ' \ ■"' - 

f 

V' ‘ ■ 

thinner feMia wH^o vrlihih U^ '« ebaroh^ endnefCirm'X^ 

. ' • < Y ’ 

]44| IA5). anal^^DOiii^toi jt podtioit in ^ 

Albumen. ■ ' » > ' ; ,,,. 

» V 

The braote serve to profieot the flovrei^t The Iodtoale»f. 
whidi reiUly represent t^e perienth, stretoh out ,ipn a eunny 
day and force open the paUm. The anthem toes cmne out, 
dischai^s their pollen to be parried- by the vr|t^ siimd then 
fall jiiway. After polltoation (anemophilbne, see fi#, 2%%, 
p. 136) the lodtoales shrink back, the bracta close again and 

protect the ripening ovary. 

• ^ 

Typ» II. THE WHEAT (TriHcum vulgart). 

The fdant has very much the same vegetative characters 
as the last. The flowers, however, are arranged in 
short, sessile, spikelets which are disposed racemosely on 
the main axis of the inflorescence making it a compound 
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Fig. 8711. Farts of Fig. 373. Floral dia- 
the flowei' of wb?atj gram of, Grass. Vi ?» 
O. glaiiaes, r, palete the outer and inner 

Fig. 371. Flower of 1 , lodionles; s, sia- pale*; 1, lodlooles. 

Bio« Vi V, paleic; o, mens; o, «rtary with The ^ner whorl of 

glamct 1 anthers. styles. stamens is not present. 

apike, Each spikelet is subtended by a pair of hard dry 
i|ipp]e%to^ glun^, and bears three or four flowers (fig. 370X 
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/'a^'‘|«dr ;i^ |ttl«i» ^'a^tiiob 
iih« 'is "' ^Isd ‘ 'it :o^ 

tsmlBstss ia s aiHirp awn. lie two laii^^ lodtieitias ih) are 
iaseited jnst bdk>w the ,oyw()F. There are 1%BII8 fTAitlliHs 

' * '','k* ^ ^ 

witib^ iiteir laige versatile ai^effL . Oyntechianin 
1^ oate»'. '" 

Tbe plm^of t , 

' “ The jSanabooe. lor 

knottedi aadelhKte^h^ 

whieh is solid all through. C^ly "the sttioo&> (Sylini^t^btd 

aerial branohes have swollen solid nodes and faoltbw 

¥ 

internodes. In the su^ar-cane and Mahse the whole stem 
is uniformly solid. The aerial and upderground bianohll 
arise from the leaf-sheaths which they split open and grow 
up into dower-bearing branches. The Grasses are oopiou^ 
branched, annual or perennial, trailing or prostrate plants 
which form small tufts or mat-like layers. 


.* 


The inflorescence which is very peculiar and distinctive 

'* . 

of the order is a compound or paniculate spike. Each spike- 
let Cfig* 3*10) contains a few floweia each of whiclh arises 
from the axil of a bard tod "rough scaly bract termed PALEA. 
This flowering or fertile palea (pi) is more or less boat- 
shaped and has its midrib drawn out into a long, pointed, 
sharp bristle termed the AWN. Nearer the flower, abpve 
this outer palea and enclosed by it, is anotjber scale-like 
bract called the INNER palea (p*). The small spiie itself i^ 
subtended by two smaller non-flowering or sterile bracts call- 
ed OLUMES (g). They are aimed with short bard bristles. 
The glumes serve to fasten the spiknlets of fruits to the body 
of grazing animals and thus help dispersion. Whtm the fruit 
lalle on a soft soil the glumes stick fast to it aod the long 

, 4 

awn drives the graib into the earth. The awn is very 


hygrbioopio and executes peouKiir twisting movements as it 
abaorbii tnoisture in wet weather bif dries up.,on a hot day. 



fitEMElsI’AtlV BOTAfJfV 

In mo8t oaB«a the epikelet oeisiieto ctf ¥wo, U;^9e crliir^ 
flowers, and then its a«|i* if ;, joir^ 

end breaks ih) into sltort and orisp aitiealftj^l^ Abota 
eaohirait. ’ 

I 

( ‘ i 

% ' ^ It 

. j 

The. fiovrer in this order is {[enerally 
sometimes unisexual (Maise),^ bypogynotXs, ind’ greatly 
reduced. There is no perianth bat only two amtdl. globular 
, sealee or lodieules to reprcMtts^, ifet. The purpose pf the 
perisAth is served by l^e pslA|e» The lodieules help to open 
the dry scaly perianth when it is time for pollination. The 
flowers are generally triandrous, but the Rice plant and the 
Bamboo are bexandrous. The large linear anthers dangle 
in air and burst when warmed by the sun, so that the dis¬ 
charged pollen is wafted away by even the gentlest breesc. 
The large feathery stigmas and styles catch the pollen-grains 
Ob they float away in the wind. The ovary is composed of 
one carpel and bears two large feathery stigmas. In the 
Maize there is only one long style ; the female flowers form a 
dense spike with styles drawn out into long filaments which 
together form a silky tassel hanging from the top of the 
spike. In some Bamboos there are three instead of the 
normal two styles. 


The frnit is the well-known grain oaryopsis (p. 144). 
It is full of starch. All the cereals. Rice {Oryza saliva), 
Maize iZaa mays), Wheat (7ri/ic«wi tmlyare), Barley (Job— 
*3ardeum hixastichtim), O&ts (Jai—Avena sativa) ptc^., affoid 
valuable food lor Jthe aWbdant starch their grains contain. 


The Sugav-cft&e plant . ctSficMarum) is well-known 

for its sweet and jnioy oolm which is very rich in saccharine matter. 
It is a tall |>eTe'nnial with a tnft of leaves, at the top, the lower leaves 
beinji^^sily shed. In cultivation it is rarely allowed to flower^ The 
part is loppod off before the flowering time, for this m^ns 
®^yleld 01 adRar is increased. The plant is wadily propagated by 
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Tbe BftmboM bel<^g to tbe geiw* Bamtmsa- Thej ace a tribe of 
gigantic ^j^ioal gmaaeo. Tbo fibwera difler from tbe graaaea in hariag 
aix atint^ aod-ibree lodienlee. 


CV tlia Q0Bi^ nmadow graaM the moat ootamoii add wdlobnown ia' 
ibM dactyhn) need in Hindu Oromhip. farftola 

ia aaoH^ aery c^mon weed. It faaaa peonliar ii^reaoeaoe. iPonr 
or ^p^e^id ont QmbreUvfaabion from the a^ of a rape | 

when tb^ form a -rcrtical oylinder. Each apil^ eontaina 

nnmeroda awited flowera on the lower aide. Some <d! tbe graaaea are 
aromafib berba and for ^ia reason are highly prised aa pot plants. 
Tlie I«mon>gra88 and the HhBS'khna belong to the genna A)Uh>pogoK» 
The oommojn field-weed Chor-kanta ia AndropogOH 'rmfcafoAra. The 


Kooah grass m Poa ej^Msuroidts^ while the reed Kanl is FkragtHitts karfCA 

* 


CYPERACEi^ (TKc Sedge fama]^). t*. 

These are grass like shrubs with sympodial rhisoioj from whioh 
sabffirial stems are sent ofL The stem is triangalar and do not posseM 
the swollen nodes nor the hoUow internodes oharaoteristio of 
Graminaccae. It differs from the latter in having closed tabula 
leaf-sheaths, no ligules, spiked, perfect or unisexual flowers one In the 
axil of eBkch of tbe glnmaoeous imbricated bracts destitute any 
envelopes, or with a tubular bract, or with hypogypous bristles or scales 
in its place, 'they are usually monoecious and hermaphrodite. The 
btamens are bypogynouB and are usually three'hi nomberof which erne 
is anterior and two posterior. The anthers are basiflxed, biloenlar and 
introrse. The pistil is typically trimeroas. There is a single style 
branched at the apex and bearing two or three stigmas. The ovary 
is free, onc-celled and qq'*. ovaled»the ovule being anatropous. The 
fruit is a kimi of nut. 

As regards poWfioiioit the flowers come under the anemopfailous fauaily 
—cross-pollination being favoured by protogymy (see p. I2S Fig. 223). 
The most common plants are Mootha {Cyp^rus wimids) and Uadur Kaii 
(Cy^miS t 0 g^rH) the stems pf which are used in the manufactaie of mats. 

LILtACEAE (The lily femily). 

Oiitinctive feaiurei :~l.((The plants are genially herba or shrabs, 
Wjtii fibioiM roots or a. bulb'* or corm, Lta/es large, pften stmcolent, 
milfijae and radical. J 

1. Ft^Umrs ; hermaphrodite, collect^ in aa infioresoenoe of the 
ratMimoBe i^ype; solitary flower# aVe atoo met with; the flowers are. 
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MtiJiomorpbio Aad Mve a few sp^foB are tir^eaenMui wUfa t«ro pili«iol4 
perianth whorls. The bracts are email, eeaHoae 0l*4{mthe4SMu 

(e) Summs :--4ree, hjrpoiarmme; in two wbofte l^ewe eloh. ^ ^ 
(6) Gtfpeb 8| coonate in a enpeilor Salted owgr wHh t or pemre 
ovules la each cell. ^ 

8. JFrtdt a capsule with loculicklat' d^dhisoeooe; the idMi are 
alhttbaihous: 


PIANif (AUium C^pa). 

The stem is foaml in the form of an nodergtoimd bulb &oib the 

lower surface of which aro given eC innumerable fibrous roota The bnib 

is composed of a number of concentric overlapping Ica^^ or scales 

standiug on a compact mass* From this compact mass within a scape 

is sent forth into the air terminating in a cluster of flowers subtended 

by a scarious bract. (Fig. 41). The infioresoence Is umbellate and more 

or less bracteate. The flowers are regular, pedicellate, hermaphrodite 

and complete^ the perianth-consists of two petaloid whorls, the stamens 

as well are arranged in 43 whorls of 3 each alternating with 3 carpels. 

The ovary is superior, trilocuiar, each containing many ovules whose 

placentation is axile. The resulting frait is a capsule. The propagation 

of the plant, however, do?s not depend upon the germination of the 

seeds but takes place in the process as follows. The bulb beocunes soft 

and shrinks with the gi'owth of the plant and by tltf time its 

contents are used up several new buds arise in the axils of the dead 

scale* leaves ; under satisfaotoiy conditions of environment these grow 

up into independent plants. Thus is it commonly propagated, 

fbe most common plants are the Garlic or Rasuu {AtUum sutmm) 

and AUkm iubtrosumt cultivated for their edible bulbs } Ulatobafadul 

{Cloriosn s$ipm%a) which climbs by tendrils terminating"leaf*biadeB (see 

Fig. 108); and Satamuli {A^aragHS raegmosus) which has fafiioies of 

{nsHbrm roots (fig. Si), 

* 

AMARYLLIOACEAE. (The Amaryllis family). 

Tin distiogaiahiSg; obsraoters of (hia onier are the same ae those of 

liWaoeiB. ItdifEere t|m the latterenly in having en inferior oyftry. 

! ^ 

BAJANI^AI^OHA tPdk^h$s hA^r&ta), 

(^The plant is coltHhttWl in onr gaidens for its Bweet«smelUng beanttfdl 
& 0 «reia. The stem tl a abort nndergrottnd i^b from tiw appor aar* 
ISee^ vf wblob arim Ififfe fiesby BOa)e>lenvea OTer<)appil^l Stbftr 
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iS»e p. 6^' The oti ettalnistg imtaritif eeada ftvtii the fiwpe 
Ultto the tttr eo'‘ whieh develop inaataera^e ^o<#ere tahdler iu ahapift. 
The ettootnie ot the flowera ia verjr mheh, like thoae of LUiaoji-e' 
except thht Ita oTftTjr is iuferior. The plaat la ito% .larg^'y t'ro^ 4 («^ 
by neuta of the aeeda. This is done moatljr by theprooeaadeaoribed 
nsder LUhweaa. N 

Phmts OAtle^his order have got moch eeoai|aiie valtte. ^veral 
«re oommottly ^tapcterleed by beiag emetic, purgative aod poiadaouB. 
The ifjpaiHtf Ufa exceediogly valuable plauta having abusdaot ioooeooue 
mdhkaritte eap and large leaves containing excellent fibres. In the 
Ba}ani.gai)dha ttAtrasa) a garden plant, fiowera are on the 

•cape which ocnueB oat from the under-ground etem in the rainy season. 
Tbe finkba-darahan-Uly (Crvtum latffblAim) is a eommon garden herb 
wiUi fiowers streaked with red nectar-guides for securing pollination. 


SCiTAMlNEAE.—(Banana family). 

Distinguishing characters.—Perenuial herbs with large 
piDiuttelyveined lbavbs and Jarge flowers. 

Flowbbs epigynoos, hermaphrodite, zygomorphio or 
asymmetrical. 

Stahbns greatly reduced, often petaloid. ^ 

Ovary inferior, three'oelled, with many ovules on axile 
placenta. 

This large order is usually divided into three wdl*defined 
sub'orders which differ mainly in the number of sb&aena 


present. 

Musaobab Cannaobab Zinoibbbagbab 

(BanAxa raMiiiY) (Caxxa tshilt) (Qinobb 




Plants^... 
Flowen. 


Stameos.. 


Tieo-like herbs 
In large cone-1 Ike 
•pathaceons spike. 
Zygomorphio 
5 perfeoc 


■■ih 


SlKo) 


Smaller herbs. ^ 

In simpler spikes. 

Asymmetrical ^ Zygomorphie. 
Only 1 perfect and the rest petaloid 
stamipodes" 

^ Both anther- 

jt 

lobes perfect, 


Only 1 Blither' 
lobe, perfect, 
the other lialf 
expanded nnd 
petaloid. 


style running 
between 
tbesh. 
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MUSACEAE 

I 

THE BANANA (Musa paraiitiKa)^ 

The plant is a very large tree-like herb with an undor-gronad rhisom* 
oas stem. The aerial shoot which appears to form the trank of the 
tree is not really the stem bnt the leaf-bases tightly rolled up. In a 
very young plant there is no aerial stem at all, but about dowering time 
a white solid column may be witnessed in the centre of the false t^nk; 
this is the stem. It is really a scape (p. 31) which pashes its way tlurough 
the leaves, and, at the proper time, comes out of the cluster of foliage 
bearing the characteristic conical iadorescenoe, the * Banana Oower. ’ 

Fig, 874. Fig. 376. Fig. S76, 



Fig, 374. The dower-oonc of Banana. 

Fig, 375. A Bpathe of same with its axillary row of flowers. 

^ Fig, 376, A single dowel'; Uo, the inferior ovary. 

* 

The liSAvns are very large with a very stout midrib from which the 
smaller veins run to the margin at right angles. Resistance to the wind 
is overcome by the lamina being split up into numeroas thin parts, which 
make the leaf look and act like a pinnate leaf. The base of the leaf 
goes to form tha trunk; it is very long, boat-shaped and spongy in 
texture, being provided with very large air-oavities, 

Plowara arise in dense spicate clusters (spadix, p. 84) which form the 
well-known flower^ne. They are arranged in two rows in the axils of 
lafge^ boat-shaped, leathery bracts called crimson and smooth on 
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thd ittvide ft&d dull find grooved on ilat outside. The epatbes open grado- 
aliy from the base to the apex, but fall oil eoon htter fertiliaatiob. In 
a yonm inflorescence they orerlap and partially enclo&e each other. 

The pgiianA is a Ave-toothed irregalar tube with a slit running down 
its side (fig. S76). Before this slit stands another free petal. The 
tabular perianth is really ccnnposed of three petaioid sepals and only 
two OBt of three petals, the third petal being the free one. 5|aifWff5 
only five, standing ^fore the five teeth of the perianth-tube; the sixth 
siatnen is abortive. Flowers which open first, tho^ which lie towards 
tbs base of the spike, contain sterile stamens but bave fertile pistils 
which produce the fruits* Those occupying the middle portion of the 
spike are in function and structure hermaphrodite; while those which 
lie tovrarda the apex have their stamens only fertile, the pistils being 
sterile. Hence fruits are proiiuced only at the base and the middle 
portion of the spike, the bracts and *^ower8 at the apex falling off 
without fructifying. Ovary inferior, three-oelled, with numerous ovules 
attached to an axile placenta. Style simple, stigma six-lobed. Pruii 
is an oblong berry. <1 

Pollination takes place with the help of bees and other insects. 
Honey is secreted at the base of the flowers which are rendered attractive 
by the scarlet ooloui of the hood-like spathes. The six-lobed stigma is 
glutinous and poilen easily adheres to the stigmatic lobes. Inter-cros¬ 
sing is secured by the gradual opening of the bracts and their axillary 
flowers, and also by the contrivance of developing.sterile stamens in the 
hermaphrodite flowers. 

With the production of the fruit the giowtb of the plant ends. It 
then gradually withers and fresh plants are produced from buds on the 
underground stem. The seeds are not properly developed in those 
Bananas which are the more esteemed. This is due to artificial selective 
cultivation. Wild plantains, however, produce seeds as usual. 

CANNACE^ 

The Canna (Sarbajaya) is a garden annual cultivated for its beautiful 
variegated flowers. It is a small herb with an underground xbisoiuouB 
stem and comparatively large, petiolate, prominenily-veined leaves, 
Flowers are arranged in pairs on a long spike. The fl^ower is asym¬ 
metrical (fig. 377). The cefyx is composed of three small coloured sepals* 
The conMa is represented by three narrow petals which stand outside 
the inner large petal-like conspicuously , eolonred leaves. These are the 
petaioid stamens the anthers of >vhioh do not t1ovelop« One of these 



V 




fXEMfiNTABV MXHAM 




ftOUBineAle*, M they are oaHed, has an one^oelied ailtfaar bail ^way ih>wn 
its ei^{e, tfae other aa^er is tisnsfomed iato flat petal 4fl|iaatfaetare. 
Jnst to i^nat at thla fertile Btamen is a Carved hjgbly ooioatod Mtd 
atreahe^ etaminode called the /otoffaw (fig. 877). style aad stigma 
are rejaeseated by a narrow short flattened stmotare. The ovary is 
toteriw beii^ marked on the onteide by small sptooas process. It is 
thra6<^iled and contains nnmerons ovnies in each oelU Thefrnitisa 
oapsale bnrsttog into three valves. 

1!o the Ziagiberaceae belong the Ginger plant (iJhyAer 
Tormerk} {Hnldi—Curcuma hngn). Cardamon (Blacbi —JStUam Corda- 
monaan) and several other spices, as well as a few attractive pot herbs 
chief of which are the Bhoi-champa (Bhumi>cbampaka —Kcmpfyria 
rottmda') and the Dolon champa (Hansraj—corwumflim}. 


The ginger plant is a small herb with a creeping jointed 



Fig. 877. Flower of Cftnna ; C, C, the three large stnminodes; g, 
the labelliuD, above it is the fertile ^tamen which is partly expanded ; 
F, the corolla ; d, the calyx } c, the inferior ovary. 

fleshy rhisome which constitntes the ginger of commerce, large berba* 
ceons leaves, aad spicate flowers home on long scapes. The perianth 
is tnbnlar, six lobed. Mid snrroands six staminodial filaments vshioh 
repxeiiexii She stamens. There is bnt one fertile stameh with its % anthers 
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leaving a groove the middle tfatongh wfaiefa miw afilifomBtyle 
andiiig in a iigmei^faaped Btigmaand im inferior t4ocalar ovary with 
numeroaB orates. Opposite the Btamen there is a ia^ petaUlike lip, 
violet in colour, known as the ItMbim* 

The Bboi-o^amp {Kteng^fynn fotimda) is an elegant plant highly 
prized for the beanty and fragrance of-.its fiowera It is a small 
eteoalesB herb with attractive rosettee of large radical leaves, aUd very 
short scapes bearing from four to six sessile bowers. The flower is la^e, 
pare white, deiicioasly fragrant, obliquely fanneUsbsped, variously 
ooloared in tbe inside. There are several staminodial filaments on one 
* of which there is a liner anther. The stigma is peculiarly funnel-shaped 
and is borne upon a filiform style. Both this plant and tbe DoIorcbompS 
(Hansa-raj —Hetfychmm cOfvnamni) flower before or during tbe rains. 
The latter plant has unlike the abovo an erect stem and sessile 
lanceolate leaves in two ranks on opposite sides of the stem. Tlte 
large, pure white, strongly fragrant floweiv have long slender tube and 
an expanding three-parted border, obliquely irregular. There are two 
short fleshy nectarial staminodes ^al tbe base of the slender style 
which terminates in a large hairy perforated, glandular stigma. It 
constitutes one of tbe most charming indoor pot plants during the 
rainy season. 


PALMACEAE (Palm family). 

* Distinguishing characters.—Trees or woody climbers with unbran¬ 
ched stem (caudex). 

Leaves very large, pinnalely or palmalely divided. 

Flowebs regulai'f small, trimerous, hypogynous, aggregated in 
profusely branched inflorescences, with several large boat-shaped spathes. 

Stamens six. Ovaby superior, nsually three-celled, 

Fbuit a drupe with a tough fibrous pericarp. 

The Palms of which the most common are the Cocoanut Palm 
{Cocos the Palmyra Palm (Toddy TAlm^Borassus flobelU" 

format the Betel-nut Palm {Artca catechu) abd the Date Palm <Phunt&c 
daciylifiera) are chai'actensed by their long slender unbranched stem 
and huge massive leaves forming a crown at tbe top. The surface of 
the stem is marked with, borixoutal scars left by thd fallen leaves, the 
older and lower scars appearing to encircle the whole steiU. There is 
only a single terminal bud which continues the growth and if this is 
destroyed, by lightning, say, the whole plant dies. The LEAveb are 
the largest in the vegetable kingdom ; they have a l4rge pinnately Or 
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paliu&t «)7 divided lamina and a maBBive ehantielled^tioie wHh a lai^ 
fihratlihig base. The iKFLOBsacas^cs is generally ancillary and hangs 
dov«rn from the axil of leaves. It consists of lai*^ branched spikes 
studded with inumerabie small flowers protected by large boat^shaped 
membranous spathes. In some oases, as in the Talipot or Fan Palm 
{Corypha unbraoil^m) the infloresoence is terminal, coming out from 
the terminal or apical bud when the plant is some twenty or twenty-five 
years of age, and then the plant dies after flowenng and fruiting. 
The number of fiowers in an inflorescence is some times surpassingly 
large ; the Date Palm, it is said, may bear 12,000 flowers at a time and 
in certain Brazilian Pa'ros the number is computed to be somewhere 
near 600,000 in one plant 1 

The flowers are small, greenish or yellowish in colour and <^ten 
though not always unisexual. The perianth consists typically of six dry 
segments, hypogynous, and reeular. Both the male and female flowers 
lie on the same plant, but the Palmyra Palm is dioecious. Stamens 
generally six. The gynaeefum consists of three carpels fused to form a 
superior syncarpous, three-oellcd ovary with a single ovule in each cell. 
The fruit of the Palmyra (Tal) has three large stones* In other Palms, 
however, two out of the three cells are abortive and only one cell with a 
single ovule matures into a fibrous drupe. The fruit varies very widely. 
That of tlic Cocoa-nut. the Betel-nut, and many other Palms is a fibrous 
drupe (p. 147), The Date fruit is like a berry (p. 147). The typical 
tri-oarpellary character is preserved in the fruit of the Palmyra Palm, 
The seed U albuminous, containing a minute embryo embedded in a 
copious oily endosperm. 

Other plants are.—>1. The Sago Palm {Catyota urens)^ indigenous to 
the Malabar coast, has the largest leaves of all Palms. Sago is a kind 
of starchy matter stored in the soft parenchyma of the stem, 2. The 
Cane Palms {Calamus rciang) are elegant climbers which cling to sup¬ 
ports by means of hooked prickles or long spreading leaves whioh permit 
the plant to grow to enormous lengths, running right up to the tree-tops 
of dense forests they grbw in. The cane is very smooth on account of 
the exudation of wax and mineral matters, chiefly silica, and is largely 
used in the manufacture of useful articles of furniture. 



CHAPTER XXXl 

GYMNOSPERMIA. 

The Gymnospertne differ from the Aogiosperma in 
hftving their seeds exposed or naked ; they are naked-seeded 
plants. The oarpe! of the Angiosperms forms a closed oarity, 
called the ovaryi within which the ovules develops The carpel 
of the Gymnosperm is often greatly reduced and scaly and is 
never closedt so that the ovules are exposed.' A frait-oase or 
pericarp, consequently, is wanting in the Gymnosperms. 

Fig. 878. Fig. 379. 



Oymospermoai fraifcs. 

Fig, 378. Pino Cone. Pig. 879, Top—a gtobuUr cone ; bottom 
—single ovnles enveloped in an aril during ripening, so that they look 
like a berry. 

The flowers are extremly reduced, and are all unV 
sexual snd generally monoecious. The carpels alone form 
the female flower and the stamens alone the male. Floral 
envelopes are, as a rule, absent. They are all wind-pollinated. 
The pollen-grains are produced in large numbers in two or 
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mor« diMa^en-at thd q/'/Af tcni/y ^antifuA ita/* They 
at 4 qphei^ and have often tero li^ngi hr atr* 8 ao« Vhioh 
make them extremely light and thha help their diepemion 

the wind. 

Ute female flowers form the qharsietenetie coae. |t 
: epasista of an elongated axis on which the oarpeMeaves 
spirally arranged, in the Pines, the most important class 
0 { Gytnnosperms, each scaly carpel bears two ovules at the 
base ; they mature into winged seeds which are dispersed by 
the wind. 

Fertilisation in Gymnoaperms differs from that in 
Angiosperms (p. 318). As there is no ovary and stigma 
the pollen-grains germinate directly on the mioropyle of 
the oVule. While the pollen-grains are being sbed, theno^es 
of the female cone (fig. 378) separate slightly and the mouth 
of the ovules becomes sticky. As the wind blows the 
pollen-graiiis over the fetntde cone, they readily adhere to 
the mioropyle and then germinate. The outer wall of a 
germinating pollen is ruptured and, a short polleu'tnbe is 

4 _ 

produced. This is composed of a few cells, from 2 to 4 , 
of which one is the large cell of the pollen tube in which 
floats another coll called the antheridial mother-cell. This 
later on divides into two male sexual oetia called the 
generative cells. The generative cells are walled cells, 
not naked like the g^erative imolei of AngiMperms (of. 

-318). The ovule has a nucellus and single coat. Inside 
the I ovule a single large cell, called the embryo-sac. is first 
farmed as in the Angiosperm. This beooma^ 4 n>aduid j y ’ fill ed 
up |by a multioellaUr tissue by the.j*cpi^ted division of its 
nucleus Und protoplasm. This tisstie is tbe endospenn; 
it contains nutritive sabatanoes for tbe nourisbraent of the 

‘ K ^ ' 

young embiyo, and gmwp at the expense of the tissue of the 
i^o^lut outside the enlarged embryo-sae. At the top or 
| the|toTctopyI»r end of this tissue (endosperm) are formed 
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geneit^j two atcKdgoiuai each oaouafiiag oi a larga avat» 
and a ahoit oeok oi saveral small oelts. Ths arobogomam 
oorraspotxls to tbs llgg'a^aratas of (iha Aagiospsrm. Tba 
o?am 16 tba aaxual oall, and instead of tba 2 

syoergidae calls* a row of naek-o^s is formed. FartUisatioa 
takes idaoa by the fusion of one ganaratira call of 
the pdUeiHiabs mtb tba ovum after the pollan^be has^ 
piaroed the tissue of the* nuoallus and peaatrated through 
the« naek’Cells of the arobegooium. The pbanomenon of 
the pollea-tuba moving towards tba ovum is an instanoa 
of ehttnotropism (p. 324). The fertilised ovum then rapidly 
forms tba suspensor, the pro-embryo and- finally ^a embryo 
(of. p. 320). The number of ootyladons varies from 2 to 7. 

The endosperm of the seed is the nutritive tisane storing 
food matter for the embryo. , It is formed iefor* fertitisaiiont 
not c^fttr, as in Angio$p*rms. 

CONIFERAE. 

The most important natural order of the GymntMperms is 
the . ConifersB or the Pine family, so called from its peculiar 
coned ike '* fruit.” Like most Dioots the Cooiferaa are large, 
muoh'branohed trees with the stem and root growing 
continually in thickness. The bundles are open and arranged 
in a ring as in Dicots. The zylem or wood, however, 
consists entirely of large bordered pitted tracheidee, ■'true 
vessels are not formed neither are companion-cells formed 
along with sieve-tubef of the phloem. Xhe plants are highly 
resinous, the resin being collected in long resin-ducts. 
Turpentine is produced from the resin which easily flows 
from wounds reaehing the wood. The plants are natives of 
hilly tracts but some are cultivated in gardens on account 
of their tall, conical,' graceful form (^rduooHa) and <be 
evergreen foliage (p. 68). 

The Pine (Pirnts lonyi/oite) !s a tall tree with whorled 
26 ■ 
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braaobes forming a beautiful rounded head of light green 
foliage at the top. The oommon Khasia Pine or Saral'gach 
of the garden ia Ptnus Khasya. The leavea and branohea 
are of two forma: (l) the long shoots which form the 
branchea have small scale-leaves from the axils of which 
arise (2) the dwarf shoots or smaller branohea in whorla, 
bearing the long noedle-like leavea (fig. 131, p. 76), The 
dwarf shoots are arrested branchlets honaisting of a very 


short axis covered with brown membranous sheathing 
scales which surround 2, 3, or 5 green leavea (3 in P. kmgi- 
foHa). The male flowers form deciduous catkins (fig. 380). 
The female flowers or cones are formed on separate branches. 
The cone or fruit (so called) is formed of the enlarged woody 



carpels which are spirally 
arranged on the axis and are 
more or less thickened at the 
apex. Seeds two at the base of 
each! carpel-scale, flat, with a 
large wing at one end which 
helps their dispersion by wind. 





Fig. 880. To the rigbt'ft shoot 
of rino showing the aoicular 
leaves And a leouile cone. To the 
left A ^male flower containing 
numoroKto anthers. 


Fig. 381. Transverse section of Pine 
leaf. thlokfined opidermia with cuticle; 
es, seJerenohyina; sp, stomata; h, 
lesin passages ; g b| the stele enclosing 
two vascular bundles. The dark sone is 
the cblorophylloas parenchyma of the 
mesopfayll* 









CHAPTER XXXll. 

I 

PTERIDOPHYTA 

The Pteridophytts are the most highly developed Crypto' 
gams. They are (»lled Vascular Cryptogams because they 

r 

possess vascular tissue or bundles like the higher plants, but 
not true vessels (p. 211). Their zylem is composed of tra- 
cheides and wood-cells alona They produce true roots like 
the Phanerogams and their leaves also correspond in structure 
with those of Phanerogams, having a mesophyll and vascfilar 
bundles. 

The difference from higher plants lies in the fact that 
flowers and seeds are not produced in Pteridophytes. Multi¬ 
plication takes place by unicellular spores which are formed 
in special chambers called sporangia originating from tbo 
leaves. I'he spore-producing leaves are called sporophylls. 
The spores are formed in enormous quantities, are dispersed 
by the wind, germinate on reaching a moist oool place, and 
in this way the plants multiply very rapidly. The most 
common and wide-spread amongst the Pteridophytes is the 
Ferns. 

The Ferns exhibit a wide range of forms, varying in size 
from the small herbaceous annuals commonly used as pot¬ 
herbs to gigantic Tree-Ferns 30 to 40 ft. in height which are 
common in Ceylon and in the hills. They have usually a 
simple or branched creeping rhizome trailing above or below 
the ground ; aerial woody stems appear only in tbe larger 
sorts, particularly in the Tree-p’erns. The stem dies off con¬ 
tinually at the lower end or becomes liguified and function¬ 
less. The rhiEome is very stunted in form and is beset with 
a large number of brownish-black scales, termed ramanta. 
They serve to keep the rhizome moist by absorbing moisture. 
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A general t^araoteriitio of Femi is tiie large of 
their Isaires which are often highly com pound {fig. 8g2). 
Fern leaves are eocbmonly known as frmdg. They are 
rolled up when young in a eircionate f^tihion (p- 68); the 
lower part of the petiole is furnished like the stem with 
the ramenta. The older leaves dry up or rot sway when 
they attain maturity. Unlike the leaves of flowering 
fflants those of the Ferns have a long-eontinued apical 
growth, and hence are sometimes very long. They»^ are 
very commonly provided with long petioles which appear 



Fig. 882. Pofypo- 
(Bum. The younger 
}eaC>bud6 at the 
tom are coil«d like a 
dog^B tail. The large 
leaf ihowB the sporcb 
on the lower surface 



Fig, 38S. Leaf of Ftens* BI, the margin 
of the leaf infolded to form the falee indusium 



Fig. 884, Paj*t of a leaf of Aspkixuifi* S, a 
Borus covered by a thin indusium. 



Fig* 865, I'rothal* 
lium of Fern with 
rhiftOids and a young 
Fern plant developed 
from an embryo 



to spring in^ dusters fromljelow tbe grcuud. 

|«,tn the underground rhiwme. The keMettine w be 
simple end entire tjut i< usuelly broJmn up pinnetely into 
many lobes or segments, or is pinnetely eompoiwd. The 
upper leaf-segments are usually oonneoted with sppre- 
produdion, the lower ones having a strictly vegetative 
function. The roots arise in clusters from the under¬ 
ground rtem and are strictiy adventitiomi w or^n, 
sometimes they break out from the Ihwer part of the 

erect mrial stem like the roots of Palms. 

On the lower surface of the leaf brown or black lines 

or spots aro noticed (fig. 382). These are the places where 



Fig. 886. 
upper part a 
indasiom (i*)^ 


s Maitlen-hsiv VQWL—AAanhm caudatum. At the 
ct showing the lower sarlsoe with the spores (8) and 


spores are formed in certain special sacs called sporangia. 
The spores are aseiroal reproductive bodies which faU awsy 
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from the plant, are dispersed by the wind, and then comitig 
to a moist place germinate to produce a thin plate of green 
leai-like body, called the prothallus or prothallium. A 
prothallium (fig. .386) when fully developed produces sexual 
cells which by uniting give rise to the fertilised ovum of 
the daughter plant. 

The Maiden-hair Fern (^diantum caudatum, fig. 386), a 
very common Fern growing everywhere on ruins of wall or 
in the crevices of moist rocks, may be taken as the type. The 
stem is a small creeping rhizome which nestles in creeks and 
crevices where there is moisture. The leaves arise in clusters. 
The petioles are long, very slender, brownish black, shiny 
and remain more or less hidden from view by the luxuriant 
abundance of light green foliage developed on them. The 
leaf is compound, leaflets small. The margin of the mature 
leaflets are slightly folded on the under surface (fig. 386, 1) 
under cover of which are developed *he sporangia in groups 
called 5ort. The margin by thus bending over serves to 
protect the sorus and is termed a false indusium. The true 
indusium is a very thin membranous tissue which spreads 
over and protects a sorus in certain other Ferns, as in 
Aspidium (fig. 384. s), The sporangium (fig. 387) is a stalked 
capsular body with a short slender stem and a terminal 
swollen body, like a biconvex lens, —this is the capsule or the 
sporo'sao. The capsule has a ring of marginal crlls, strongly 
thickened and lignified, which appears brown or yellow and 
brings about its rupture when the atmosphere is dry. This can 
be seen very neatly if we heat a slide containing the sporangia, ' 
and mount it quickly for observation. The strong thickened 
yellowish ring appeal's to recoil and to straighten, scattering 
the spores by this means. The ring is termed the anwulus and 
is variously formed in the different species of Ferns. The tissue 
of the leaf from which the sporangia originate is like a soft 
cushion and forms the uctptacU or the placenta (fig. 388, P). 
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la the Po^/podium (fig. 383) the indusium is very 

distinct and extends as a 
large but thin outgrowth 
of the leaf. The eori also 
are clustered in patches, 
not in a line u in the 
Adianium. In Pitrit, a 
genus of Ferns very com¬ 
mon in this country, the 
linear leafiets have their 
margins folded back as in 



Fig. 387. Section of leaf of 
the Maiden-hair Fern showing the 
infolded margin forming the false 
iiuiusium (t) and enclosing a sorus 
of sporangia ; o, the annulus. 


the Jdimtum but here th^ 
whole leaf-margin is thus involved and the sporangiferous 
tissue is a continuous line (fig, 383.) 


The sporangia are developed f^om single epidermal cells some of 
which are sometimes (as in Pteris) not modified but left in the form of 
Blender hairs. These are termed pabaphtsbs. A sporangium has very 
generally a wall composed of but a single layer of calls. In a few cases, 
howewr, the sporangia develop from a group of leaf-cells, both epider¬ 
mal and sub-epidermal, and are consequently of a rather bard texture.'' 
Such sporangia have no annulus. The commoner Ferns are said to be 
LEPTOSPOBAKaiATB On Bccount of the tnehomous nature of the spor¬ 
angia, wbilei^others where the sporangia arc composed of many leaf- 
cells are said to be uuspobanoiate. 


The spores have a cutinised outer wall which resibts strongly the 
injurious action of moisture or heat. Ilenec they retain their germina¬ 
ting power for a long time. On germination the hard outer wall 
bursts j the cell then divides, and by repeateil division a flat multicella- 
lar structure or the protballium is formed (fig. 386). The prothallimn 
is a flat gieen heart-shaped thallus. It produces from the lower surface 
^numerous brown filamentous hair-like structures, called rhUoidSf which 
sink in the moist sub-stratum and absorbs nourishment. On this surface 
it develops the archggonia and anthendia as small protuberances. 


The archegonium, the female sexual organ, arises as a 
tiny flask-shaped body sunk in the tissue of the prothallus 
near its notch. Each archegonium consists of two portions : 
the ventral, or swollen lower portion embedded in the 
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{HmUSliam. contains the female cell or oosphers; uid 

or , doagabed upper portion oonsiabs of aroirof ^d^c 
whk^ biufeit at matu* 


y * a. 


ritguv The :veiitral 

/ 

portion oonsiata of 
the epsreef f or ootpAffr# 
and « small ventral 
eanal'cell (see - fig. 
Sfifi). -This, together 
with another eell 
which remains snr 
rounded by the neck 
oella and is called * 



Fig. .’i88. Section ol leaf of Aspidmm. 
I, Indasium ; p, placenta ; a, annnliu. 


the neok'oaual oelli becomes disorganised when the arohe' 
gonium is ripe, and the disorganised matter then oomes out 
of the neck left open by its bursting. This matter becomes 
mucilaginous by absorbing water and contains a small 
percentage of malic acid which directs the movemeiA of jthe 
spermatozoids, the male cells, towards the oosphere (p. S26). 


The antKeridium, which is developed before the arche* 
gonium, is a spherical body with a wall of one layer of cells 
which like the prothallium-cells are provided with chloro- 
plasts (cf. fig. 394). The inside is filled with a large number , 
of small cells, the spermatozoid mother-cells or spermatocyttt,. 
each of which gives rise to a motile apermatozoid. The 
latter is a coiled body with one end considerably enlarged, 
and the other rather tapering and beset with numerous cilia 
which lash in water and impart a sort of gyratory motion to 
the male cell. The movement is regqlated by the malic acid . 
which is diffused in the neighbourhood of tha arohegonium. 
Passing through the open c.^nal of the latter a spermatozoid 
fuses with the oosphere aad thus fertilisation is brought 
atMJat. The fertilised egg-cell or o&spTre, by a proo^tes of 
. repeated Airision, gives rise to the embryo from wjbioh the 
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Fern plant ^ dleVeloped ffig. ?85X‘ The protfaallium at firat: 
aappUea the young embryo with food but it eventually drtea 
up and the young Fern plant produoee its owo'root which 
absorbs nourishment from the soil and thus makes it' 
Inde^hdent. ^ 

ALTERNATION OP GENERATIONS. 

I 

It yirMi be Doticed that in the life history of the Fem theire are really 
two.phases to be considered. The Fcm plant produces only asexual 
oellsi the spores, but these spores cannot produce another Fern with^ 
Urst developing into a prothalliam. The reproduction of the Fern 
plant takes place in two different stages or generationB. In one genera^ 
tion only spores are produced—this is called the asexual dr the Sporo- 
phyte generation. The Fern plant is the sporophyte or the spose- 
produemg plant. In the next generation the spore produces a prd^U 
lium on which the sexual orgaUls are developed^this is called the 
sexual or gametcpliyte generation. The prothallium is the gametophyte, 
or the gametes-producing plant. Thus in the life*cycle of the Fern 
there is a regular alternation of a spore-producing with a gamete-pro¬ 
ducing generation. Starting with the spore a tiny thallus is produced 
from the spore ; this is an independent plant having its own rhisoids 
for absorbing nutriment from the soil and chloroplasts to prepare its 
own food. On the under side of this plant (prothallus) are next pro¬ 
duced the sexual organs, antheridia and archegonia, containing malib 
sexual organs, the spertnatozoids, and the female cell, the ovum or egg^ 
cell respectively. After the union of these sexual celk an embryo is 
produced which while it is young derives nourishment from the prothal- 
lUB but grows up gradually into an independent Fern plant. From the 
formation of the prOthallium to the development of the sexual eelJi wS 
get the sexual stage in the life-history of the Fern ; from the formation 
of the embryo to its development into the well-differentiated spore-pro¬ 
ducing Fern plant we got the asexual stage. The life-cycle is complete 
when both stages have been passed ; then and not till then,is the plant 
visibly reproduced. 

The phenomenon of the life-history of a plant being closed in two 
stages is not manifested by the Ferns alone. Excepting the lower 
Thallophytes all plants (Ferns, Mosses, and Ffaanerogams) exhibit a 
regular alternation of a sexual with an asexual generation in their 
life-history. In Ferns as well as in Mosses the alternation is perfectly 
clear, for the sporophyte and the gametophyte are both oonspioUoos, 
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Ib l1o««iiig plBQto tbe plaB^bOfily |b 
an apan-prodnoiag organa, the atameiM and 4ai^ 
tte pollBB'graia and the einbr7o>iiaQ are the ^ ^dflSiesM 

from S'ema Ilea in the faet that in Ferae a green e^p^tatiM «|ae 
pr^aoee spores; there is no dietiootioh hetween the ordiaeiry greiil 
leaf and a sporo^jrll, while in Fhanen^ans the eput^liyUi are 
metamorphosed into speoiai stmethm, the stameas (ahdropfayl^ and 
earpels (oarpopfaylls). Farther, the Ferns Hare AosneJFhwHSii they pro- 
dneie mtiy ^ hind of spore. Higher pbnts we AK^ j yweit& Tkef 
prodade two kinds of spores: miorospores or pollen'gm|ns and a 
macrospore, called the embryo-sac, inside the ovata 


The gametopbykio generation which in Ferns starts with the 
germination of the spore on the ground is very mnefa rednoed in 
Pfaanei'ogama Follen-graine, the male or micro-spores, nnlike 
Fem-spores, can not germinate in the ground bat only on a snitahle 
stigma. The maorospoie, the embryo-sac, is never detached from the 
parent sporophyte, like the Fern-spore, bnt remains attached to it. As 
regards the formation of the prothallns, it is never an independent body 
in Fhanerogsms and is extremely rednoed. The pollea-tubo is the male 
prothallium; it consiste of only two or three cells in the Conifers 
(Cymnoeperms), and produceB not spermatosoidB bnt male oells, the 
generative cells. The reductiou in the male protballium is greater still in 
Dicots and IConocots for the poUen-tnbe in these plants is Ksi^fhd<ir; 
it consists of a single cell, the pollen tube, and three nnolei of 
which one is the nnolens of the pollen tnbe and the other two are the 
male generative naolei. The Oymnospermons macrospore, the embryo- 
sao develops a mnltioellnlar endosperm ; this is the female prothalliam. 
In it are produced the archegonia. The archegoninm ooneists of a large 
egg-oell and a few small neck-cells. In Angiosperms, however, the 
embryo-sac is always nnioellalar and remains 'So until fertilisation ; 
nor is there any archegoninm. , The greatly reduced prothallinm hm'A is 
represented by the antipodal cells, bnt these oells are not walled eeUs 
as-in a true protfialUnm : they are mere hneleated plasmae. ^e 
egg-apparatns- of the ovale, represents the very much rednoed arcbe- 
goninm; the synergidse represent the neck or ventral eella. The 
endoeperm is formed after fertilisation, not before as in dynmosperms; 
tfbis is because the endosperm is a prothallinm in the latter, while in 
Awgiotyenns it is the resalt of fertiliMtion, The following seheme 
to eompiire the altemation of ^eratioBs in the tifs-falstctty 
of t^si Ifianu and Fbaserogams. 
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There i« Eometimes a departure from the Ordinary mode of sexaftt 
reproduction. The female organs are not developed, and the prothalliom 
itself produces the sporophyte purely In a vegetative manner. This 
sort of asexual reproduction goes by the name of apogttu^, and is 
very common in the < cultivated Ferns. Similarly in rare oases a 

protballus may arise from the tissue of the leaf without the intervention 

< , 

of spores. This is known as ^)o^>ory. 

Anatomy of Ferns.—Fig. 389 shows a oross'sectioQ of a 
Fern rhiinme. The epidermis forms a firm tbiok layer of 
dark brown cells. The ramenta are outgrowths of this layer. 
Below it lies a thick ring of sclerenchyma the cells of which 
are very thick-walled and brown. Inside this, scattered in 
the ground-tissue, are a few small bundles—these are the 
leaf-traces which here and there unite in the margins. In 



Fig. 389. Transverse section of a Fern rhizome. H, the sclciencliy- 
matous bypodorraa ; I, ring of foliar bundles; 8, sclereDCliyma ; F, 
ground tissue. 

the central part of the ground tissus are a few larger 
bundles wbioh are oauline and not leaf-traces. These are 
separated by plates of sclerenchyma. The bundles in fact 
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form 'ft taoire or leas oyhndrical net-trork 
leaf'tracefi pass out to the leaves, 


from wbioh' 


The bundle differs from that of higher plants in being 
conoentrici t«#., xylem and phloem do not lie side by side but 
the phloem entirely surrounds the xylem whioh lies in the 
centre of each bundle (fig. 390). Each bundle is a solid 
conducting strandi there is no pith. The centre is occupied 
by certain large cells which are scalariform trdcheides (p. 
184, fig. 276, E)—this is the metaxylem. At the two sides 
of this are the smaller elements of the proto'xylem consiatihg 
of spiral iraeheides. Associated with the tracheides is a 
layer of wood'oells. 

The xylem is surrounded by the phloem. These consist 
of large sieve-tubes with thin-walled parenchyma. There are 
no companion cells. Outside this is a thin layer of small 
sieve-tubes—this is the proto-phloem. The whole is sur 
rounded by a layer of pericyole. Each bundle is limited by 



Fig, 3it0. A Bundle of Fern highly magnified. F. ground tissue ; 
X, xylem tracheides surrounded by wood-cells; Ph, phloem ring; e, 
endodermis or bundle-sheath ; Px, protoxylem. 

one or more layers of the cortex lying outside the pericyole. 
This is the bundle-sheath which contains starch and presents 
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ehanci^rs of sn TiM^^ jb bo. ,m^ 

no MdondaTj growth. ^ . 

In Fern root there Ih a eeniraJ ioIkI Mbeie wil^ont pltlju 
There are two rays of xylein btit it ia auiToonded .by the 

/ f ' ' i* 

phloem, the perioyole, and a thiok endodermie; the outeo* 
cortex ia pareiK^ymatoua. hnt inwards it aoon beeotnaa ligni* 


fiad and hard. ■ . 

In the petiole there is one or more bundles which often 
fuse to form a wide horse-shoe shaped structure in cross-Mo* 
tion. * The dements are the same as described above. The 
bundle, however, divides into many parts in the lamina, 
and the ultimate branefaes are not quite concentric but have 
their xylem turned tow’ards the uppef surface of the leal and 
the phloem towards the lower surface, as in typical dorsi- 
ventral leaves. 



CHAPTER XXXUl 

BRYOPHYTA 

Th« Biyopbyiet- with feb« Th»Ilophyte« we 

catted C^lkdof plants u they are made ep of simple odilt. 
They do not possess any TOMelf) or such highly differentiated 
tissues u zylem. phloem, sclereDohyma, etc., and in 
respect differ from the Pteridopbytes Srod Fhaneroi^s 
which are called Vascular plauis. The Bryophyta iitelndes 
two classes of plants; the Liverworts (irspsitesas), ai^ the 
Mosses (Uusd). The vegetative body of a Liverwotl is 
generally an ondifferentiated thallus *(&§• 391 ), while dmt 
of a Mom is a oormus, •.«.,,a differentiated sluwt with stem 
and leaves. There are no true roots but thin thread-like 
filamentous structures, called rhisoub, are produced which 
function as toots. 

Beprodnotion takes place, as in Pteridopbytes, aseznally 
by spores and sexually by spermatosoids and egg-cells, the 
two latter uniting to produce the germ or the oospore. Both 
Ptoridophytes and the Bryopbytes produce their sexual cells 
in Antheridia and jireh^gonia and hence are together referred 
to as the Archegoniatas, A regular alternation of generations 
between the sporophyte and gametophyte also ebaraete^bes 

m 

the Bryopbytes. 

hUrdumda (Fig. 3»l) may be taken as a ty^ o£ the Liverworts. 
The plant grows extensively in cool and moist hilly piSCei, torSaiag 
dirty green patches on the gronud. The vegetative body is a fiat-kdxd 
thallns which remains attaobed to the ground by means of thin nniceUn* 
lar rh Isolds. The upper enrtece shows many onp-shapad depresafona 
each ot which conuins a number of green, gat, bisonit-thapW bodies 
oalled ganmsa. These are special kinds ot bads which are detached 
from the thallns and ^rminate independently to give rise to new plants, 
thus scenting a very rapid vegetative ihnltiplioatioQ, The sexaal organs 
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antberidia and arch«goniaf are borne on erect branches which spring 
from the thaUna. The terminal portion of these branches expands into a 
tnttob-branohed head in which the anthehdia and archegonia are deve¬ 
loped in small flask-shaped depressions. The stmctisre oi these sexual^ 
organs corrcbpoiuls to that described below in connection with Sdosa. 

Fig, 392. 

• •- UWL.S. V 



MarthanHa —A, thallos ; B, 


A Moss—A, the 


from the thallus arc archegonia I eporogonium with 

and antberidia. oalyptra, 

MUSCI—MOSSES. 

The Mosses live in douse colonies {orming beantHul 
green carpets on moist rocks, on moiat shady ground or 
'*#<1 #von on the mowt b^rje of trees, The body of, 
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« Mchm pliiQt ooiMUts A short tliKidoir stam whtoh 4iaeii|’8 
slowly ot its lover end and grows ooatinuaUf r at its 
leafy extremity (fig. 392)^ There are ho true'roots bdt 
the lower end df the stem gives off, ntt&aeroas ^leader brown 
multieelklar rhiMoids which penetrate the soil and act like 
root-hairs (fig. 7). The upper ered; stem is beset with 
nameiOus small grOen spirally arranged leaves. The clus¬ 
tered haMt 6i the plaO^ enables them to retain rain-water 
. or dew |or a long ttme and the delicate leaves m^e adapted 
to absorb moistujw. 

The apiOal growth of the stem usually terminate about 
the opld season when the upper bud hears eup-like rosettes 
of leaves) reddish or brownish in colour. whi<^ form what 
is popularly oalled the Moss fiower, though there is nothing 
in common with the flowers of Phanerogams. The Moss 
flower is really a receptacle in which the male and female 
sexual orgatw. antbei-idia and arohegonig, He concealed 
amongst the whorl of leaves (pmehagtium.) Moss plants 
may he monoeeiousi when both kinds of sexual organs are 
home oil the same plant; or dioecious, when tee antfaeridia 

and arohegonia arise on different .platits. 

* 

The .antkexidia (fig. 394) are stalked, ^ub-shaped 
bodies which contain a large number of spermatosoid 
mother cells each of which produces on maturity a slightly 
twisted filamentous spermatosoid provided wite only two 
cilia at thjs narrow end (S). The archegonia (fig. 393) 
are flask-shaped bodies with a long neck and a swollen 
base. Tht central portion of the. neck is occupied by a 
row of ceils* the Mck-eand hells, which at maturity swell' 
up* by absorbing water and cause the rupture of thf^neok. 
The swollen base, oalled tee venter, endoses a large oell 
which divide into the female egg-cell and a ventral-canal 
cell The latter lies iust below the neck-oaoal eelte and 
undergoes disorganisation witii the latter when tite 
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Ifmam |» Him ttKi mady to opoo tho a«olc. HkMiiilMiMl? 
etEb booomo amoikglnoat with water ata| eacert ao attpw* 
tire itfatttiliii on the Bparmatoaoide^ thioogh tin diilcM^ 
of oanwoogar (ohamotaxiB^ p. 325). Bor feiitUUHnioa water 
if hidwpeneaUe aad so the proeess takes place mostly duriDg 
the rains. A spermatoeoid swims, throqgh Hte eaahl of 
the arehegonram and Weaching the seiner fosea wiHi the 
egK'Oeu. The fertilised egg'oeil then dividmi rapidly to form 
a moltieeilalar embryo. . 



Flg.\8«8. 
Ardbegoalam 
of Mon. V.c^ 
vastral osnal- 
«*H. 8, egg* 
cell, 8, neck. 



Fig. 8«4. . 
Aatfaentdinm of'* 
Mon—B; motberi. 
oeUs of spemato* 

BOkiBg. " 


The embryo is not detac^^ from Hie phmt bat gfvee 
Hee to Mjploogated sbd etalked body termed the taiwide. 

capsule hppeara to arise from Hie centre of Hte 

4 



iioas . m, 

^ ^oi)t()sl«)f MWaHM gf^rws. %> bug it ^ITfiW^fbiipQirii 

. i>r6lMted I 7 a dry fibr^ ten&ad ^ (%. t]^5) 



r]g. 395 . Tbe U 088 capsale or ^rogonium. A, the yonbg eepsttle 
with the celyptm; B, the same later sti^e, the oalyptia Is sbeil but 
the mouth oE the eaptole is covered by the hd h, 0, the lipe dapsule 
with the hd shed and spores <8) coming out. ^ 

like the ioot;oap of roots. This rallyptra it tfaioirii off when 
the capsule is ripe and then it looks like a tiny poppy , 
fruit surmoauted by a small lid (operculian» L). The hd 
eventually diops also and the spoies (S) now come out. The 
lim or mouth of the capsule is piovided with sevaral very 
delicate tooth*like outgrowths which form a fine membrane 
partially closing the opening. Those outgiowibs (termed the 
p 0 nstotM) edceoute peculiar hygroscopic movements} opening 
out in dry weatber and closing when it is moist^ and 
thus help the dispersion of the sporee. The sporw are 
unioe)lttlaT bodies with two walls. The outer wall bursts 
on germination and the inner grows out into a tube wbioh 
brancbes repeatedly and produees a filamentous tbalbi called 
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the pr^tutm- The Most plant its^ gto^S iip Iratti « bud 
produced on the protoneiaa. ' 

I ' f ^ 

ALTERNATION OF GENEKAfIONS IN MOSS. 

The Moss plant If ^0 gauiftophyte: It produoaa the 
famotes. the sexual cells, in the arc&egonta and the antheridia, 
The Moss capsule resulting from the union of the sexual 
colls is the sporophyte; it is also called the sporoffOfHum apd 
it produces spores, the asexual reproductive hodiea The 
sporogoniutn forms a distinct asexual generation ‘ but it 
remains throughout its existence united with the sexual 
generation (the plant itself) and draws nourishment from 
the latter very much like a parasite. In this respect the 
alternation of generations in Moss differs from that in Fern, 
for in Ferns the ^wo generations are independent plants. 

Following the sobeme laid down on p. 411, the alternation 
of generations in^Moss and Fern may be compared thus 
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^ ALTEENATJOU OF 
A oompariflen ia ahovra tM la^Iowii^ 6abl^ 


Mpia 




1 , plftoE 1 » tbe i^amdo- 

phyK 

*. *lKi<! gstaetophyte «|s th« 


Fata 

1. Tbe plant is the s^ro- 
pbyte. 

2. sporophyte is the 
fnlly di&reatiaited corants. 

^ ' 

S« SpofQ cm geTm!iEkat{o& 
prodnces a prothallia*—the 
fiex-bearifig getiieratioa or tbe 
gsmetopfajte. 

4, The gametee of tbe pro- 
tbalHom unite to produce an 
cmbiyo whic^ develops into an 
independent Fern plant or 
Bporophyto. 


morpbokigioalfj |tffer«tlated 
cormna. . 

3, Spore on getm^tion 
prodnoeft a pi^tonema from which 
the Mo» phMit Is developed— 
tbifl i& the gametophjrte. 

4*4. The gametes of the iHam 
plant unite to prodaiOe an embryo 
which deyelops into the ||teis 
capsule, the tporophyte, ami 
remains attached to tbe 
topbyte tbrongbout its life. 



OUPTER XXXIV. 
'nStALUOPHYTA. 

ThallopliytiM «r» iMifleM oellckkr Ciyptosams. Th«;r 
are plants irtifoli not in general ehow any differentiation 
into atem and lear^. As a rule* Tliallel(>liyiee reprodaoe 
asexoally by ipores erhteb arise in speoial obatikbera or 
aporangis, when they Stre called end^^^por*^> or are out off 
and separated from the p1ant*body at fpeoial parts* when 
they are called esoiporef. Sometimes the spores are naked 
eells provided with cilia and move about in water. Such 
spores are termed swarmspores or nooapoiea Keprodue* 
tion ^also takes place sexually but the sexual cells are very 
simple. Somethum conjugation takes place between two 
outwardly similar cells called gunoetee. When the gamete 
are motile they are called planoffomeUs, and' when non- 
motile they are afdamogtnwi^s. In the higher Thallophytea 
the sexual cells are differentiated into motile ciliated 
male cells* the epermatozoidsi and large noa*motile female 
cells* the oospheres or egg-cells. The spermatoxoids develop 
in antheridia; the oospheres in oogonla which are much 
simpler than the archegonia. By conjugation of similar 
gametes a gygote or tygospore is formed. By the fertilise-, 
tion of the ousphere by a spermatosoid an oospore is 
produced. The, former mode of sexual union is termed 
iaogamy. the latter oogamy. 

The Thallopbytes are usually divided into two classes: 
(DtheAlgse* and (i) the Fungi. The distinction lies in 
the laot that Algss green and hence‘^awtophytes (p. 2i^9), 

Fungi are never green ; they are saprophytes or parasites. 
The Algae can ipanufaeture copLplex organic oompoundt 
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fcom til* isofga&i* Qotutitueoti of tiuk jpotthjf mm 

not 4o that; they live npoa \irla$ m dfead MgmM 
«itrher •nii&aU or piaot*. Tbi* difforaaoe ia lukhit ia Am to 
th* l^!«HDo* oi ohrotoatopbore** oUefij^ ditarwUiatfi* 

Algm, wbkth or* totally abaeat i^im tlif of 

Tho Alg» or* Thallopbyt** o!iara*t*rii*d prawm^ 
of til* greon pigmaot i^bropbjrU in tbotr l^t tidb 

4lo6i om mean tiii^ they are all greeo fo appearaa**; 1#^ 
many oau*« spMia^y la thoMt growing jt* sea watwr (tiM 
marine Algw)i otiiM^ eobariog matiors, sttoli a* btofm or red, 
mask the green chlorophyll. The Algp are aU aqoatiost tbe 
lower and simpler forms stioking to moist rooks or walls or 
tree'trunks as green patohes. Marine Algis are larger aiuH 
are oommonly differentiated into leaf'like expansiona or 
thalltts, iEkesh* water Algee are all green and either fila'^ 
mentons or aaioeltttlar, 

OHLiOaOPHYCfiiAE.« 

This group includes the majority of fresh water Algaa in 
which the green colouring matter chlorophyll i* not aooom* 
pamed .by other pigments as fa otiker groups of Algm. It 
includes also some of the most interesting unicellular forms. 

The Green Als<9 among the most widely distributed 
of plant-foi^'^ I'bey occur practically in all planes where 
enough moistare caa be had, in rivers, poadi, ditebes, 
uullabs, in *U kiuda of stagnant water, in damp earth, wads, 
barks of trees, doeomposing moist leaves, eto. 

Th« DasSigdls are anioella)ar green Aign fognd In ponds, ditches 
and wet places, ceamonly attaohni to the free deatisg Aiameotcns 
fresh-water fhe dietiogaishiag oharaoteristio of these algal Celli 

is thetr alwoet iovariahle division into two i^^htBMtriBal halites Often 
8epa>*ted by a oliwnlar panstriotioo in the oiiiidte. forms presented 
are some of thS iinost beaatifnl of freeh-water glget. The eell-wall 
neaidty i^amsloks of two distlnot valves ' whmM edghs nhMt in the 
plhne if ^qirtriotica, BtoitipUcftion takes ^hce both hy geMirteMSi 
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Md, by cwciiagation. The fermer vrbtob i«jtbe r^getfttife mode.i^kee 
plim by the forcing ft|»art of tbe two talTOe, a aew oyliBdrfcal piooe 
of oieqibra&e being interpoaed, Su^qiteatly a ttanavarae wall is 
foitnad in the iz^lan plane of this oylinderi the aepamtod hnlyo* of 
whieb then grow up into new valvea. Conwgmion takea plaOe by ^Iviro 
Desttids approaching each other when the protoplasmic oouteata^ eadh 
roonde off. The outer walla of each eplit at about the tticldto-ind then 
the eath'e protoplasts pass out to fuse into each other, either wholly or 
partMly separated from the {^renb*cella. The reanlt of the faston is 
^a s>gote which then surrounds itself with a wall, the outside being 
provided with ,nnmerpuB spinous processes The sygc^pore thus formed 
enters into a period of rest after which germination takes place. < 


SPIROGYE 



This 18 a very common fresh water Alga. It forms 
extensive green slimy floating masses. It is a filament offi 
Alga, consisting of a row of cylindrical cells forming long 
threads or fil-tmenta, The character ' which distinguishes it 
from all other «Alga is the peculiar development of the obloro- 
plasts in the form of bands or ribboiiB which are, spir ally 
coiled at about the cirout^renoe of each cell. T here^ may be 
oxdy one spiral band in a cell or it may contain as many as 
eight spiral bands, the number depending on the wi^h pf the 

t ‘ 

cells. When two or more spiral bands occur they cross 
regularly and thus form more or less complex lattice-works. 







spmoam v m 
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Su^tiue: ~>Blaoh filAment oottakta of barral-shi^ad oa}l« 
end lio end. Tho waUs are. of oeltutose aod the outer 


KUiiaoe of Che vralls awells slightly ia ooqtact with water : 

the slimy or gelatioous nature of floating masaea. 
Eh^ tiiatute eell contains a eolourlcs&'^^llll^ ;|«f protoplasm 
Itn^ the cell-wall with a large vaou^ iS tiM centre filled 


with a eolottrle^ cell'sap. Suspended in this vaonole but 
kept stretched' by threads of cytoplasm connected with the ^ 


lining layer is a large nucleus. 


The ohloroplasts are the most attractive and distinguish' 

_ » 

ing feature of the cell. Each cfaloroplast lies embedded in 
the parietal protoplasm and forms a band twisted round l^e' 
interior of the cell in a spiral manner. The bands haVe 
serrate margins and contain a few star-like refractive bodice 
termed the pprenoids. The latter produce starch-grams. 

Life hietoiy :~In spring, the season when water i/ 
{flentiful, the plant flourishes; growth takes place in the 
ceHs by the simple process of elongation and subsequent 
division. The reproduotion of the plant takes place only by 
the sexual mode; there are no asexual reproductive cells or 
spores, and the sexual mode even is one of the simple. 
Ihen is no distinction into' male and female cells ; the 
two pairing oeljs are to all appearance similar and are 
called gametes. The sexual process, called conjugation 
(from which the name of the sub-class Conjugatte to which 
Spirogyra belongs), consists essentially in the fusion of two 
gametes; these are no^^royided with cilia (aplanogsme- 
tes) and hctxiB exhibit fiS ciliary movement. They arc 
developed from the oontraotion, condensation! and rounding 
off of the .j^toplasm of two different eellst each oeH pro* 
ducing a fismete. 

ConjtvaiibQ takes place genersQy by the end id summer 
or level of water is low. Two filament* come to lie 

hjrUde i ^e oonteuts of some of the oells of one filament 
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ooakaet aqA ^ beaming roaodad olf tem geimt^sw, 
The a^lrwolls aib the same time {trotarude ottt towMiii 
the other filament the oelts of whieh then ihow a eimUar 
be1|j|7k>ur. The protroding eell* walls of ho^ thw totteh* 
, the separating |^i|itl>hgorbed and a clear pMm«« i« iormedU 

the gametes of the first filaaient then page over into the 
cells of the other filament and fusing in i^drs' with the 
ganu^ of this filament form aygospores or tygotee. Eaeh 
of these then surrounds itself with a firm wall and after a 
period of rest germinates to produce a new filament. Some* 
times conjugation takes place not between two separate 
filaments as above but between,the two halves of the same 
filament folded into two. * 

* FUNGI. 

* Structure - As a class Fungi are characterised by the 
absence of chlorophyll and are distinguished from all olh4r 
plants by the relatively simple structure of their vegetative 
organ. Indeed, struoturally they are the simplest of all 
plants. The body of a young actively growing Fungus con* 
sists entirely of simple whitish tubular threads called hyphee. 
These hyphss ore made up of elongated cells with very thin 
walls and with or without partitions. They ramify in all 
directions, penetrating every part of the substratum which 
is either a deeayiug organic debris or a livii^ organism. 
The mass of the entangled faypfaal threads oonstitutes the 
body of the Fungus termed the myceKum. In the larger 
Fungi, such as the Mushrooms, the hypfan are Woven into 
a more or less solid columnar struoture foriaiiig a false tissue 
or pseudo-parenobyma. 

The myoelium is said to be Mp/uts when its hyphid 
threads have transverse wolli, and noitsepkia! When no 
■uoh walls exist, a continuous channel runnitlg tliro^iigh 
the hyphas of the myoelium. Such a myeeUvis ie aa^ 
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■W iiw;,»,-e0rafOcnrTB. ,I’iie ,e<sl|^a|J 
c4,-<®i»ni iwid not :^f 

plBntB. I9f«jtber the walls nor tha ol ibo 

aiw oar^olijrdTatosi for starcb* su^iarv »n4 (H^ar 

oaatur b«t ^Ai« replaced by ifat giobijlea jiitd glyoogeo a* 
e^l-oosteiita. 
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0f nirtritioik—^ a claea Fungi are eitber furantoB 
otr aaprophytes,, (see p.. 304). They obiadn'the whole of, 
their food from the. nutrient substratum and Biost of 4^e«a 
also require air (oxygen) for respiradoTi. They <h} not coulaiii 
chlorophyll nor any ohromatophore, and benoe are inoapehle 
of assimilating carbon from tbe atmospheric carbon dioxide. 
The parasitic Fungi depend for tbcir food^ on the lilting 
bodies of animals and plants wbicb they decompose by 
seoreMng certain fermetitsi^ and then absorb *the products 
of decompositioo. These parasitic Fungi are dangerous 
pests destroying such important vegetables as potato* wheat, 
rice, and many fruits. Some, however, form helpful life" 
partnership with the roots of many plants (see myoorhiaa, 
p. 301). The saprophytic Fungi form an extensive class, 
although in most oases their mode ’ of life cannot bo distin¬ 
guished from the parasitic forms. They live on decomposing 
animal or vegetable remains such as rotten cOw^uug, 
putrefying carcase, decaying leaves and stem and so our 

Tho absence of axiy. compact structJuro in the mycelium 
of a Fungus is evidentiy connected with its mode" of life, 
for since ,di its food is derived from the naaterial on .which it 


lives, an abundantly branched cellular tissue is indispensable 
for ramifying into the substratum and for absorbing tho^h^, 
exactly like the root-lystem. Like the root-systigm of hi®^- 
plants the myeelium absorbs food, but the former can absorb 


only raw food for tbe t>lant to assimilate, whereas the latter, 
the the fungus, absorbs everything required for 

explains why Fungi have a simple tballoid 



,4^8 ELEMENTABt BOTANY 

•truoture ; they need not produce any acHi^l choc^ for t^elr 
mode ol life renders this unnecessary. 

The pccoliftr tnoiie of life of tfic Fungi is in principle diamctvioiilly 
opi^sed to the metabolic processes taking place in higher plants. The 
latter prepare very complex organic matter from the stable raw 
substances in their enTironment, and the organic matters thus produced 
lock up a great store of energy potentially. The action of the 
Fungus, however, is such that these eomplex matters ^re broken up, 
sircplitied, disintegrated into simple compounds and in the process a 
large amount of energy is free as ^dn^^C murgy* It is this energy 
which is directly available to the Fungus for doing further work which 
consists in dislocating the work of plants and, animals, helping the 
natural decomposition of organic matters, and multiplying their own 
species. 

That energy is set free by the growth of JFungi upon 
organic matter is shown hy the fact that heat is evolved 
during the decomposition. Botting fruits and vegetables, 
rotting straw and oowdung, feel warmer than when fresh, 
and if kept in a confined place become very considerably 
heated. 

Reproduction and life-history.—Although the vegeta¬ 
tive body of the great majority of Fungi remains more or less 
buried in the substratum, their reproductive organs always 
seek air and light and come out as aerial sprouts. This 
is an instance of cherootropic and phototropic movement 
(p. 326). The advantage thus secured is great, for the 
reproductive bodies are generally asexual unicellular spores 
which are produced as minute grains in profuse quantities at 
the tips of the aerial hyphae which, when heated by the sun, 
or in a dry atmosphere, scatter broadcast their innumerable 
spores. A Fungus develops from the germination of a spore 
on a suitable substratum, at first as a tiny white tube which 
the spore puts out, and then this tube elongates, divides, 
and ramifies in all directions penetrating into the substra¬ 
tum, After some time, about the period of reproduction, 
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Boste of bypfm turn »nd grow upwards into t^e af^ M 
aerial faypbn and terminate in a olub*Bfaaped l>ody. At this 
part innumdrable sporea are foi med. Sexual reprodPctioa 
also takes place in many instanoea but a regular alternation* 
at in the Pteridopbytea and BryopbytM* is altogether 
wanting. A few Fungi are described below s— 

MITCOE_. (1/Meor mucedo). 

Structure.—This ia a very common mould formed as a 
white downy coat on many ariicles, such as old damp boots 
and other leather gooda, old confections, moist bread crusts, 
preserved fruits and animal excreta. It can be artificially 
cultured by keeping a moist bread in a damp, dark, and 
warm place. It is a saprophyte. Tbe mycelium is much* 
branched and filamentous. The bypbie are unseptate, i.e. 

Fig, 397. Fig. 398. * Fig. 399. 



Mucob Mucbdo. 

Fijg. 397. Sporangium (a) with nume3-ous spores and coinmclia (c) 
Fig. M8. Formal ion and union of gsmelrs (a). Pig. 899. Qeimi- 
nation of sygoppore (Z); an erect hypba bearing a sporanginm (s), 
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%ti«y are loWg^bds vitbotit tmoaVaree aiM oil 

globules aiid many nub!e{< 

Reproduction '.—From Uie myceHuta &‘iOiiia%ef of ereot 
aerial bypbi^ are produced ; tbeee are called i^MniiiigtopliiO'' 
rea (or gonidiopKoree) being t^e stalk of tbe speraftpto 
gonidangia) forumd at the terminal parts. fVom the' apex o| 
. such an aerial hypha a single spherical sporan^um (pr go* 
nidaDgium) is out off by a transreiae wall which then 
gradimlly protrudes into tbe eavi^ of the sphere as a short 
swollen stalk called the columella (fig. 397). 'Within the 
sporangium nutnerous oval walled spores are produced by 
the repeatMi division of tbe protoplasm and the nucleus. 
These spores are hence endosporef. They lie first embed¬ 
ded in the slimy contents of the sporangiunit which 
swell hy absorbing water and finally rupture the spormigial 
wail. The spores are then scattered and failing on a moist 
substratum produce other Mucor plants. 


The large number of spores secures a very rapid multi¬ 
plication of the Fungus by asexual means. Sexual reproduc¬ 
tion also* takes place under certain conditions. The myce¬ 
lium then produces two special club-shaped hypbal branohos* 
the gametophores (fig. 398). which approach each other. 
When the swollen tips of these hyphae come in contact a 
transverse wall is formed below each swelling ; tbe gametes 
thus cut off then fuse. The wall separating tbe two is 

W" 

absorbed and the conjugating celts produce by fusion a single- 
zygospore, the outer wall of wWch gradually thickens and 
develops warty protuberances. This is another instance of 
conjugation (see p. 426), ; 

After a period of rest the zygospore (Zt fig. 399) germi¬ 
nates by bursting its outer bard wall and puts out a short 
hyphel filament. This hypha, however, et otwe tc^inatos 
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of tho Muoor. Thera is ao rsfiUar alhsraa/liiofi al 

SemetioMS tfae gamotea do ivst faa9 bat dfltelap n>4«pffi|ideatl7 iQt« 
ntyeeliat. "Sbey are then called axygaaporeat 17xi^ cer^in ooodU^ona 
the hjrpbae forth traiuTente walla and appear like ebaina of oella. l^beie 
oella (chh^ydo-aporee) maj' bies|c ap and prodopo oa* myaslik. Borne* 
iftnea these cells behave like jreast«oelle (see p. 4AA) aad give rise to al* 
ooholio fenaentation. Thu ts known aa the londa rn/tMon of Hncor. 

ETJROTIUM, 

4 i 

Structure— Sufo/ittin is another mould like the iffesor. 

Of 

It is formed as a greenish down on softened Iruits and oa 
decomposing vegetal matters generally. It can be often 
cultured artificially by keeping moist cow-dung cakes in a 
damp but warm and dark 
place. The myoelium here 
is very much like that of 
the Mttcor, being made up 
of entangled filaments of a 
muoh-branohed system of 
hyph» which ramify in 
the substratam. The 
hyphe however are septatt 
they are provided 
with partition .walls at 
short distariOds, and in 
this respect differ from 
those of the i^ucur, 

Reproduction* takes 
place both sexually and 
asaxually. the former being 

much more complex than Fig. too. 'Biraofiini* 

the corraspondini^ process 

in tile Muoor. Asexual reproduction tekea plaoe by 
spores which are produced at t^e end of mrial hyphse 
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termed eontdiophoree (fiff. 400> G}. The head of the 
oozddiophore swells up into a spheriotd body on wkioh ante 
radiate-fashion a large number of peg-shaped out-growths 
called aterigmata (St). From the apex of each sterigma 
small spores called oonidiospoTes or conidia (exosporesi s) 
are abstiicted in chains. The conidia are produced in 
enormous quantities and break away from their ’"sterigmatai 
and are blown and scattered by the wind. On reaching 
a suitable substance they develop directly into a much- 
branched mycelium which then repeats the same process. 

» 

In the sexual reproduction the end of a long hypha of 
the mycelium becomes spirally coiled some four or five times 
and constitutes the female organ or the archicarp (a). The 
spiral is non-septate and is differentiated into (i) an upper 
part constituting the terminal part' of the archicarp called 
the trichogyne, and (2) the lower swollen part called the 
carpogonium. Just below the archicarp (Ar) the same 
hypha puts out branches one of which (p) develops very fast 
and arching over the archicarp reaches the trichogyne. This 
branch is the male organ and is called the pollinodium. 
«It contains the male plasma. The walls of the trichogyne 
and the pollinodium break away where they touch and the 
protoplasm of the latter is poured into the archicarp. There 
conjugation takes place and is immediately followed by the 
development of a large number of sterile byphee which com¬ 
pletely surround the archioilp and by repeated branching form 
a. thick covering of pseudo-parenchyma termed the perithe- 
ciuno. During this process the hypha of the carpogonium 
becomes septate, and the septated cells grow up and again 
become septate, la this way a tissue resulting from the ferti¬ 
lisation of the carpogonium originates inside the perithecium. 
Some of the end-cells of this tissue develop into special 
sporangia called aaci (A). Each aseus develops within it 
eight a^res called asoosports. 
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Tbe mature OArpogouiuo^ iritb the ji^rifeheoiiU liij«r fmMi 
the a«ou« irttit or uoooarp whiab erbeu ripe breeke uP* #(l ee 
to expo<»e the esdr and then bnrata, wid t|e aecofporae are 
set Iree to be seattered by the wind. JSaoh aacsCMpore te oi a 
bioopyex shape and germioatee as usoiU io gire rii e to the 
myoeKuffl of Eurotium. This mjj^elium produces, iike that 
which proceeds ' from the oonidia, at first coaidiophce^es atid 
then the sexual organs. A. regular alterna^oa of sexual and 
asexual geneiations is not traoeable. 

4t ^ 

YEAST . 

The Yeaht is one of a group of the simplest Fungi, 
It sets up aleoholio fermentation in grape juiee ip 
the manufacture of wine and thrives best in snbstanoas rich 
in sugar, it is an unicellular Fungus of spherical, oval, or 
cylindrical cells. There is no proper mycelium nor a bypha, 
though sometimes the yeast'oells remain for a time united in 
chains. Reproduction takes place chiefly byjSrsicn- Each 
gives rise to a tiny outgrowth which gradually increases in siae 
and is finally abstricted like the oonidia of ISurotium, These 
oonidia-Uke daughteivoells repeat the process and In this 
way the plant rapidly multiplies, so long as there is enough 
sugar to be fermented into alcohol. Hila process is kiK>wu 
as puUulation or gemmation—fundamentally a vegetative 
method of reproduotiom Under unfavourable conditions, 
when, for instance, there is no sugar in the substratum, the 
Yeast-wells swell up and form Iporangia. The nucleus hi 
divided into seivcril DWdfli around each of which protoplasm 
collects hf a prooess called /r« cgU'formatum. Several 
spores are lomed within each sporangium and a imrt ^ the 
protoplasm is left over. These spores are similar in origin 
to hhe asoispoiie oi Sunthm. Eventually the wall of the 
sponuigium baiets» the endusporee come out, and are dis' 

. parsed by the wind, tloiaifig to a fresh field nch in migar, 

^8 
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tl^ sidit; their outer vralt and f ut out alt^rt prfitabss||iee» 
trbioh h 7 goBuuatioii tupidlar frod^ a Toaet^ia* 

Sexual reproduotiott is not kfwvn.'’ ' « 

Geneiyiyt t^e ft0tiOfi 41 TOhiA k aettdtog up ftnuentatiou 


in a saooharine solution r 

e^nationi 


apteumkd 1)^ the Ohemio^ 



9,aiaO. 0+200. 

' Sugar Atoghol Carbon dioxide. , 

The evolution of carbon dioxide b|r the Yeast is a case of ‘ 
anaerobic respiration (p. 303); it oooure eren' vhen oxygen 
is excluded. But it does not oease when oxygen is sup- 
pliedi for the Yeast plant has acquired the habit of bringing 
about fermentation spontaneously. 


THE MI!jSHROOM. 

The mushroom is a saprophyte * lying on decomposing 
organic matters, such as oowdung, rotten bamboos, decay¬ 
ing learesi etc. The little umbrella-like body which is seen 
above ground—tbat which is called the toad-stool or Mush¬ 
room (fig. 40l)-«,-i8 merely the fruptifioation beating the 
reproductiye bodies c died spores, li the head (ptfea^) of the 
mature Mushroom is laid on a sheet of paper for a few 
hours, the paper will be covered by a dark coloured powder; 
these are the spores. The aerial fructification Uf short-lived, 
it perishes as soon as the spores are scattered. Th« real vege> 
tative body of the fungus lives under-ground ramifying in the 
Bubstrabam in the form of A dense t^t-work of White filaments 
or byphae —this is the myeWium. 

Reproduction takes place only asexualiy by hpores; 
sexual reproduction is entirely absent. The apore-bearing 
aerial fruetiftpation Hi a dense compact mass of byphae which 
forms ,a gtem-like body, called the atipe, termifM^ng k* 
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h9*& «^kd «lie^|}!teu«, (% i,%), 
Tk« trader wpuHkafi of fSiM Iberan f longe kkraber of deUoate 
^ vertiogl 

IftmeUra ndiptiiig 
from, ibe da{ra te 
the edge of ^the 
pileus. These «re 
also called the g^))* 
from theit* it>sem* 
blanoe to the gills of 
fishes. The gills or 
lamellae bear the 
spores on their 
surfaoe (fig. 403 >, As 
long as the spores 
are undeveloped the 
young pileuB is dosed 
at its lower part 
by a veil or velum 
which is ruptured on 
maturity and then 
fo$3QS a torn ring at 
the base of the pileus (see fig. i, a). 

ThO lamellss are plates of interw'ovon faypface. In a 
section eadi l^ella shows a oentiivl patt, known as tbs 
txama (Fig. 403, t), made up of hypbse ^hioh curve outwards 
toTgards the surface wberS they end^in small close-packed 
cells. The Is^'er is called the sub>hymeniai laye|^ It 
bears the superficial layer of q^lls, called the bymeolum, 
where the cells are slightly elongated and arnmged 'in the 
palisade manner. The hymenium is the generative layer. 
It consists of two hinds of cells: (l) sterile cells called 
pteraphiftM (fig. 404, p), and {2) fertile or spore-producii^ 
odls called basidia (b). Each bastdium beais at its 



Fig. 401, The i{a«hii6<nn —a, the 
pikes, below titfi ejmeaded bead is the 
torn vftJUni. 
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two or lour tkoder prowfSM (»}led lUKeiieCBw (st) and 
,from ,eaok fiterigioa a sinigl^ aioaU monded eeti or Raaidio' 
Ftg. 402. li'fg. 408. f Pig. 404. 



Fig. 402. The gills (d); Pig, 403. A single gill magnified, (t) the 
tiama; on the sniface is the bymenium (hy). Fig. 404. The fayme* 
nittm greatly enlarged. 

apore (s) is out off. The spores are pitiduced in very large 
quantities and are readily dispersed by tbe wind. After 
the spores are developed and scattered the aerial fructi* 
fioation rots away. 


>f 
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1 ' 

ECOLOGY. 

* t » 

I ' ^ ‘ 

• v * , . 

Plants try to adju$t tjbwaaalvss to th#ir 
as seen in Uto evident movetQSnt of parta of 
atlob as tbo dpsinR of stomata, or a change in 
of loaves, stems and roots during growth, and 
p. 31 fi'). This constant adjoiMefit to oS^tm^al iacijari has 
brought forth' certain structural changes necessaa^ to the 
well'being of the plant. Those are called suiaptsAions, and 
plants are said to be adapted to their envirohment. Thus* 
water^jlants are adapied to live in water; they have their 
own peculiar structure which enahles them to:live in an 
aquatic environment; land'plants are adapted to live on 
firm land, and so forth. 

a 

Water and light are the two most important factors 
which vastly infiuoj ce the mode of life of the plants, and' 
hence also their form and stracture. Other factors, such as 
the fertility of the soil and the conditions of the atmosphere, 
are of course also impoitant. But the supply of water 
to the plant is the first condition of its life, and its structure 
is accordingly moulded to suit the nature and amount 
of watersupply. In this respect there are the two extremes 
of plants which live in water or in excessive water-supply, 
.and those whicB live in very dry land with very poor water 
supply; midway between these stand plants which' have 
neither too much nor too small water-supply, Tbe^ latter 
are the ordinary land plants or Mesopliytea; while the other 
two are water-plants or Hydrophytes and desei^-plauts 
or Xeiophytes. Generally speaking, hydrophytes glow in 
water, xerophytes in very dry soil, and mesophytes in 
ordinary moist soil. 


1 I 
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m, J»n 



i * * 

is» rntjAnt 

WATER PtANt^ 

* # • ’ 

Wit|er>pl«i^ majf * Ikp Iwoftd^ ^Tide4 ialb v, 

group*— 

(I) IVetUmff Hitmits, tftteh pm llbt Wattir-hymitt^h, the 
Pistm (BftrA'pauii)* liomiw pM, wiim hiiH 

rose(!tea of Imves *1^ tufi* d fibioak *dv«otitiou« rocfta » 
•risiog from a very abort They float fyooly their 

largt, leaves, and haya smnethn^ speokd ili^ting 

devices, such as the swollen bladder 1%a pedoles of Watar 
byaoint^. The tuft of fhaiing rooit (p. 2II>) helps the plants 
to keep equilibrium and prevent their toppling over under 
the action of currents. 

A 

(3) SuhtMfged aquatics, such as Potamogeton, yallisueria, 
etc., have their vegetative organs entiicly submerged and 
send up only the flow er in the air. They have very stutple, 
generally thin and long or ribbondike leaves. 

' (3) Amphthous plants which are partly submerged 
and paitly aeiial, such as the Lotus, Water-lilies, and 
Waterchebtmit (Trapa), which have a tialling or ei-eeping 
ihizomous stem lying in the mud and loirg-stalked floating 
leaves; also such plants like the Jessiuea (Keshardam), 
Myriophyllum, Limnopbila (p. 6j!^. Kalmi-shak (p. 376) etc. 
with long aeiial sboqts above the water. Some of these 
plan^ are ffstSTophUcus, possessing not* only la/ge floating 
leaves, but also dissected sub-merged leaves ^p. 34) and 
ordinary emoU aerial leaves in addition. ^^The floating m 
leaves'■are bn^, undivided and entire with a petiole 
which has the power of adjusting its length acooi'diiig to 
the depth of wateiv 

llie. structural features of aquatics arqi—(l) Boots 
hie never thick, hard or woody hut are delicate, greatly 
elongated^ .fibrous, and adventitious, often freely bianch- 
iug. A lOOt-cap ir often wanting, tpeoially where the 

^ IS 



*• i* wid M i»]« to «tw<teir 

ol «diU Boo^HtMifs often W tliM 

ntb^aieivi^ p«te of tba ptenlf oan^alno^b livte 

teM trntortlirou^b fcbo e|4dennta» ‘’' 

(t) Tfie steii^ i« oi^r. teailini or i|iree|>!jiig or 
atewt* » groatilar ojM^loted or in 
)4oi)t» »nd the sob<O0in%ed nlpooies nfhklk ipnofdoOo od[)r 
0 nteotte of J^ree. Branehor, bowovor, arite V«rr frte%> 
for i<{0iittor inoftjbfy rory raj^ly by vogotet^o of^ono 
soeh as stei)o]C||b'^fftete< ote. (p. 317). 

(3) lisavos ar^ of various forms; tba abbamfO^oiA 
are Qiibhor Hbbon'sbapod or diaseoted. the foTMi 

are broadt lai^n entire and highly si)ougy. ‘ * 

*% » J 

Water-plo&te are as a rule perennials. 'They alwo^ 
pitiduee flowers on S'an aerial stem or have floatiog 'Aowete 
(Water-lilies)^ so that fertilisaitioii is always aorisl, They 
sTe> however* lavishly multiplied vegetatively. 

Anatomically waterplaiits are chaiaeteHsed by a 
soft spongy ^renohymatous giound tissue tteveited by 
Urge air-passages or oanals wbicb fom the ventilating 
system of the plant. This atranehgina (p. 213) is neces¬ 
sary, for the plants are more less cut off from external 
"'air which they require, Bpoqjaliy the oxygen, for respiration. 
Further, it serves to make them light and buoyant so thsd 
they can have as muotf^air and light as posidble. # 

In Dicot aquatics a > well deflned cortical portion is 
rpcognised, b«t this is always traversed by the air-cavi^t} 
lu Monocot aquatios and in the Lotos family (of tKm^) a 
cortioal portion can not be disti iiguished from thp rest of the 
ground tissue. Often in elongated floatang or AXh-tq^i^^Bd 
stems, speoialh^ of Iflonooots, the outer oortical phition 
ia ttnversed by long strands of fibres which give the 
neoessary jpUalMlily along with idaatiefly reqnk^ to oops 
witih ourrente ol water. 4 ' 
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«‘ bnAdl«« «tr« -giMI^ r«dNHwd _4#d[ ik 

vmd i» Mtt ioffiuid etw selpiimpt^ ' Xu OM mimlAm 
they ard iKtM^ a* bat alirays ramaiii ri^ailBttirjr 
and dwpQeed , Tbare iw>* ieopdilN^i^fro 

in tbiekpeai aiid tbe otntripatal pt^dfon 4ffakea tba i 
pliant and anabiM it to siray tlfjlii way and ifith 
oarranta. The ligolfioatipD in i^e xyXem » vary iKtor^ Jar 
jiQ tb« ^rMenoe of water liguin ia itot moeb |iaria»(L‘ 
MonooOt aqoatios the bundles' am scattered In tbe/^j^uAd 
tissue Wl are siaailarly greatly reduced, therb bwnf e^y a 
few xylem elements in the centre surrounded by a suit j^ileem 
and a parenohymatoUB bundle*sheatfa ; the phloem undergoes 
no reducftioo for it has to carry the proteids. The xylem Is 
reduced for the plant does not itiquire a well*developed tissue 
for conducting water. A thick cuticle is neVer pteseat and 
the formation of cork and bark is entirety precluded. 

3. The epidermis is very thin, without the otitiole, 
in the submerged parts. The cells often contain chloro" 
pbyll. This is because of the wCak light which the 
submerged parts get. The chlovoplasts must be super 
ficial to absorb the small quantity of light Which reaches 
the plant under water. SrOMATa are absent from the sub- 
meiged parts, for traiispiratidt) is obviously excluded as it 
is unnecessary. Stomata are present only on the upper surface 
of floating leaves which have a dorsi'veutral structure with an 
upfier palisade and a lower spongy mesophyll. This dUtiuc* 
tion is absent in submerged leaves which are therefore 

t 

isolattrcA, Floating leaves have a coating of wax (Lotus and 
Waterlilies) or of hairs (Pistia) on the leaf so that the sur¬ 
face is UMm^abh, the water rolling away Into small drops. 

LAND PLANTS. 

Trauapfi^ation is the most important phenomenon in 
tkb life land-plants, for it keeps i|p a regular oireuWtioD 



>of blood ioTbe firOoaoO' itioU 1i flfd". 
bMiwi <bf light Aod BhMW dt hho 

cBIfer* «t ^ferant {flaoes and v«tia« ivaO lb tba aaasa pheo 
iijtb tbe mnmodb. tha}» ara dafiaitii odiij^ioiia for T«t^aV|^; 

Imnapiralaoa. Fot, tfaare ntuit be a balaqee bafovwen 
lilMi intalee ttt water from the soil an4 its oulfrat by tratiS’ 
Jp^fatfoh ItOfo the learea. If there be escess of traoibitatbQ 
t1^ witbera* if of root*abserption and a diminit^ed 
traMpirtfoo there is the risk of ohokiog plant wjl^ 
water and of its losing a healthy tone. The adaptatfcj^ 
that are found in land'planta aie therefore meant to kaep 
np this balance, or, in Other words, to regulate transpiration. 

a 

1. The roots branch and ramify in every direc* 
tion, wherever there is moisture, ^ and are provided "with 
root*hair8 at the younger* parts. The tip of the root 
is veiy sensitive to moistuie and leads the iray for the 
root-hairs to perform their work of absorption. Tbe older 
parts of the root which cannot move freely and hence can 
not carry on the function of absorption become gradually 
stouter and thus serve to fix the piant fast to the soil. A 
fnitber exquisite adaptation in this direction is the develop* 
ment of branches from thk convex parts of tbe main and 
the branch roots. By this means the root is prevented from 
straightening out as it grows old and becomes stouter^pnd 
stiffer, and its zig'zag form is maintained ; thus a large 
volume of the earth is bound up by the root'system, so that 
a strong wind may not easily uproot the plant. To afford 
protection to the root-tip which has to make its way thrtmgh 
hard particles of soil, a root cap is provided. Moreover, ^e 
branching and ramification of tbe root-system are correlated 
with the branohing of tbe aerial shoot. Wbera, as in Palms 
and Bamboos, there is a rosette of leaves at the top, there 
are Mso whorls of roots froih the lower part of the stem, aad 
28(a) . * 
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where, as in Dioots generally, the trunk is amply bmnehed 
and the leaves form an extensive evaporating surface, the 
root system also is copiously branched underground so as 
to form an equally extensive * system of root-hairs' for 
Absorbing moisture. 

T 

2. The is elongated, and since it has to keep itself 

' s ^ • 

erect, mechanical tissues of various forms are so developed 
as to make it sufSciently rigid. And, further, as the distance 
between the burrowing root and the assimilating leaves goes 
on increasing, long tubes or ducts or the vascular bundles are 
very fully formed; so much indeed that in an old trunk 
. there is nothing but solid hard wood and thick layers of 
' bark. Even in such delicate or smaller plants as Grasses 
there is a preponderance of mechanical tissues (p 270) for 
. the function of support, and a degree of safe rigidity is the 
first requirement of the aerial shoot. In large plants the 
crushing effect of the increasing weight of branches and 
foliage is balanced by a continuously growing mass of hard 
lignified wood, while in younger plants, where growth is 
rapid, mechanical tissues are not much formed as they 
retard elongation and rapid development. The greater part 
of the inner and older wood of a tree is dead and serves only 
a mechanical function and only the outer younger ring of 
wood is active in transport work. Hence the importance of 
securing adequate protection for this most vital part of the 
plant by the formation of cork and bark with their various 
tannin or gum excretions which act as preservatives 
against insects and pests. 

I 'll' 

3. The, adaptation in the foliage leaf of land-plants 
is one of the most exquisite of its kind, for next to roots 
the leaves are perhaps the most important organ of a plant. 

, While very young they are rolled or folded or tucked up 
i!;in tiiie bud safe from danger and the young buds are fjj^rther 

'^^.loteoted by scale-leaves and stipules. As the leaf unfolds 
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the stipuleB or scalee fall away or are remoTed froin tlie 
point of vantage which is now occupied by the laininat and 

• A 

the petiole where present serves to hold it in the correct 

* 4 

angle and position so 'that just the required intensity of 
light and sir may be bad without much difficulty. 

Anatomically the leaves of land-plants are admirably 
fitted to carry on the important functions of transpiration, 
assimilation and respiration. The epidermis is proved with 
a more or less thick cuticle which prevents evaporation and 
undue loss of water from the leaf surface. For transpiration 
a special apparatus, the stomatal apparatus, is developed 
and the stomata are scattered in large -numbers, not on the 
upper face of the loaf where the direct rays of the sun would 
undoubtedly injure the guard-cells, but on the lower shady 
surface. And for utilising the direct rays of the sun an 
upper palisade tissue is differentiated from a lower spongy 
tissue, and this gives rise to the dorsi-ventral stf^cture of the 
lamina. And in order that transpiration and aeration may go 
on favourably, the stomata open directly on large respiratory 
cavities in the spongy mesophyll tissue (p. 235). The infinite 
ramifications of the vascular bundles in the form of fine veins 
or nerves bring in at every instant supplies of raw food 
through the xylem which on being worked up into organic 
compounds are speedily removed by the phloem. 

Mechanical tissues are not required in Dicot leaves, for 
their reticulate venation protects them from the tearing action 
of wind. In Monocots, however, the venation does not give 
sufficient strength and hence mechanical tissues are always 
developed and disposed suitably (see stniotureof leaf, p. 238). 

In those parts of the Tropics where there is a long 
dry season, there is an annual shedding of leaves* as in the 
Shimool, Aswatha, Bael and many large trees. This 
periodic defoliation is an adaptation to prevent lose of 
water at a time when water is very scarce and can hardly 
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be transpired without starving the plant. The halut of 
shedding leaves on the advent of a period of dirougfat ia 
not confined to large trees like the Shimool alone. It 
is shared also by a class of small plants such as the Onion, . 
Hajaniganiha, etc., which have fleshy underground steme 
with the help of which they perenniate through the hatd 
season defoliating all the aerial parts before its onset. 

Leaf-fsJl is a characteristic of land-plants; it usually 
occura at the commencement of the dry season (autumn). 
Old leaves are, as a rule, shed by all mesophytes, but 
some are deciduous (p. 68), remaining leafless for several 
months of the year, while others, like the Mango, shed 
their leaves only when the young leaves are unfolding, 
so that they are never leafless. Such plants are called ever¬ 
greens. Leaf'fall is necessai'T for two reasons: (1) old 
leaves cannot transpire so rapidly as young leaves in 
spring, and 4(2) old leaves contain all the surplus mineral 
taken from the soil along with th e transpiration current, 
and left in their cells by the loss of water, and these 
minerals are of no use to the plant. Deciduous leaves are 
thin, transluBcent and smooth, and are generally broader 
and larger than those of evergreen plants, which are smaller, 
thicker and coarser. 


XEROPHYTES. 

Plants which live in hot, dry, sandy or desert places are 
specially adapted to dry conditions. They are called Xero' 
phytes. They suffer, on the one hand, from a great defici¬ 
ency of water-supply, and on the other, from the great 
dryness and heat of the atmosphere. Consequently, the 
most striking features of xerophytes are: (1) a very deep- 
seated and stout root-system and (2) a great reduction in 
surface of the shoot and the foliage, so that transpiration is 
adequately checked. The adaptations are:— 


r 
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1. Ewt$ are very long and deep-seated «o that water 
may be absorbed from the moist sub-soil which is at a great 
depth (see p. 19). 

2. The stem shows various modifications; it is never so 
long as in ordinary land-plants (mesopfaytes) but is generally 
greatly reduced and of a stunted form. 

3. The Uaf is the organ which suffers the greatest 
modification. Some xerophytes are entirely leafless or the 
leaves are reduced to spines or scales {aphylloui) and then the 
stem becomes flat, green and leaf-like (Gaetii—Phani-monsa, 
fig. 120) carrying on the assimilating function of the leaf, 
or the branches become roundish and green cladodes 
(Asparagus—SatamuH, fig. 58). Others have arrested branph- 
shoots often with some of the leaves transformed into spines 
and the intemodes undeveloped (Berberis—Damharidra, 
p. 67). The reduction in. the. transpiring surface is often com¬ 
pensated for by corresponding thickness of the Ipaves ; thus 
some xerophytes have small stiff leathery leaves (selerophf/Hous) 
while others have thick succulent leaves (Bryophyllum— 
Pathui-kuohi, fig. 62, p. 43). Some of the leaf-succulent 
(chylophpllous) xerophytes have their leave-r arranged in 
rosettes on an extremely abbreviated stem (Agave —fig. 36 ; 
Aloe —Gritakumari), so that the plants are often acaulcsoent 
(p. 31). Some xerophytes, like the Babla (Acacia), have 
pinnate leaves which have the power of automatically 
adjusting the transpiring surface by folding up more or less 
so that the leaf-surface is less exposed to direct light. 

Xerophytes exhibit a wide range of forms, some 
approaching the ordinary mesophytes, others, like the Cactii, 
of a striking xerophytio form. The prevalent characters 
are (l) spinescenoe (cs in Kantikary, Sheal-kanta, etc) and 
(2) succulence (Bryophyllum. Agave, etc). 

Anatomically xerophytes are characterised by strong 
lignification. The wood is dense and hard, and the vessels 
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and cells of the xylem are narrow. This is correlated with 
the weakness of transpiration, and unfavourable conditions 
of growth. The arrested development of the branches and 
the leaves also gives rise to stiff and lignified terminations, 
such as thorns and spines. In the leaf the cuticle is very 
thick atid the epidermal cells contain air. The stomata 
are sunk in the epidermis and lie entirely on the 
lower surface, so that loss of water is checked. Often 
there is an investment of hairs. The hairs are dead and 



Fig. 406. CroBS-fccction of GnlancLa stem (one-fonrth). 0, periderm > 
p, pheliogen ; Pi, Cortex; E, endoiiermis; S, sclerenchytna ; S'", 
the soft bast of phloem , V, xylem vessels ; 13, bundles ; M, medulla | 
mr, medullary rays. 

Jr 

contain only air, so that the wooly coat they form acts aa 
a sttn-ehade and serves to prevent over-heating and to 
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reduce transpiration. The hairs are often found on the 
lower surface where the stomata lie. The upper surface 
may be quite smooth and even shiny, so that a great portion 
of the direct light falling on the leaf is reflected back. 
Cutioular transpiratidn is totally absent. Along wit^ an 
increase in lignification, mechanical tissues such as solereU- 
cbyma and bast preponderate in zerophytes, and parenchyma 
is correspondingly reduced. It is for this that plants Imng 
in desert or similar places are very hard and brittle, aqd 
possess stiff, spiny or prickly leaves and thorny branches. 

In the mesophyll the palisade parenchyma is thicker 
than the spongy, and often the palisade'tassue is iormed in 
two or more tiers (see p. 236). The intercellular spaces 
are greatly reduced. On the whole, the tissues are more 
compact than in ordinary land plants. In the succulent 
forms mucilage abounds in some of the cells. The mucilage 
holds water tenaciously an(f is an adaptation to prevent 
loss of water and consequent drying. 

CLIMBING PLANTS. 

These may be classifled into :— 

1. Root climbers (see p. 26). 

2. Twiners (see p. 38) which grow by throwing their 
axis spirally round supports by virtue of their transverse 
geotropism (p. 323). 

3. Scramblers or stragglers (see p. 39) which are mostly 
shrubs or woody plants with long straggling branches and 
thorns, prickles, or hooks which are adaptations for climbing. 

4. Tendril-climbers (p. 38) which include the majority 
of climbers. These may be.— 

{a). Leaf-climbers where a part of the leaf acts as the 
tendril; in Clematis and the Pitcher plant 
{Nepenthes) it is the petiole; in Gloriossa (fig. 103 
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it ia the leaf-apex; in Smilax (p. 61) it is the 
atipale ; in Pea (p. 41) it is the leaflets. 

(h) Sttm-climhers where a branfoh becomes a tendril as in 
the Cucumber family (p. 40). 

The leaves of climbers are> as a rule^ large, thin and broad. 
This is because they must have the widest exposure of their 
green tissues to light and air, for they have often to live 
in the shadow of the foliage of the plant over which they 
climb. As a result of twining torsions, most climbers 
have their stem twisted like cables or have a furrowed 
surface (Cucumber family). The wood of a climber is 
not compact and unbroken, as in the stem of a tree, but 
divided into isolated strands. The vessels too are very 
wide and large and form the greater part of the xylem. 
This is a safeguard against choking which will result 
from the twisting of the stem. The mechanical cells (fib¬ 
rous tracheides) are replaced by wide vessels and tracheides, 
for the food matter must be carried over long distances in 
the extremely long stem which climbers form, but this 
is compensated for by the development of special strings of 
mechanical tissue outside the bundle in the cortex, or in 
the pith. In the Gulancha (Timspora cordifolia), a cross- 
section of which is shown in fig. 406, the bundles are seen 
to be separate wedge-shaped structures each supported by 
a strong semi-lunar patch of sclerenchyma (see p. 272). The 
mechanical tissues are so arranged that they form very 
efficient girders for the support of the plant. 



TEST-QUESTIONS. 


Selected from University Calendars. 

1. Describe the favourable conditions necessary for the 
germination of a seed> and the changes that take place in 
the seed during the process. 

2. Describe from your own observation and contrast 
the germination of any Indian Dicot seed with that of a 
Monocot seed. 

3. Give some idea of the main divisions into wlpch 
the plant kingdom is divided. Define the divisions in a 
general way. 

4. What are the functions of the root 1 Explain the 
structure and use of the root-cap and root-hairs. 

6. What are the normal functions performed by roots i 
Show how the structure of the root is modified in relation 
to special functions. t 

6. State the distinguishing characters of root and of 
modified shoots. 

7. Name' and describe with examples the different 
kinds of underground stem met with in plants. 

8. How can you distinguish between under-ground stem 
and root 1 Name the several varieties of under-ground stem 
giving Indian examples of each. 

9. What are (a) tubers, (b) bulbs, (c) corms ? Name 
plants which furnish examples of each of these. 

k 

10. Give an account of the various ways in which 
climbing plants attach themselves to their support. 

11. What is venation and what are its principal forms. 
Illustrate your answer by sketches taken from Indian plante. 

12. What is phyllotaxy 1 What are leaf-mosaic t 
29 
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13. What are stipules and how may they be modified ? 

Give examples. ^ 

14. Give the distinguishing oharaoters of a raceme, 
spike, and spadix, illustrating your answers by Ipdian 
examples. 

15. What are the evidences which show that the 

1 ^ 

i 

different parts of a flower are modified leaves ? 

16. Describe the microscopic structure of an anther and 
state how the pollen may be conveyed to the stigma of a flower. 

17. Describe and sketch the various forms of ovules. 

% 

What is the embryo-sac; Describe the changes that take 
place in it before fertilization. 

18. What are the different methods by which pollina¬ 
tion is effected ? 

19. What are pollen-grains? What is their function? 
Describe their microscopic appearance, 

20. How do you recognise that a certain flower is a 
wind-pollinated flower. What are the advantages and dis¬ 
advantages of this method of pollination ? 

21. What is the difference between pollination and 
fertilisation ? State the different ways in which flowers are 
pollinated. Give examples. 

22. Write what you know of the fruit of higher plants. 
Give Indian examples. 

23. Describe in botanical terms the edible parts of the 
liohi, the fig, the pine-apple, the mango and the cocoanut. 

24. Give a short account of methods of seed dispersion. 

26. Describe from your own observation the various 
ways in which seeds are scattered. Of what importance is 
dispersion to the species ? 

26. Give a list with drawings of the common cell- 
contents. 

27. What is the protoplasm? Where is it found in 
plants and what are its functions ? How do you test for it ? 
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28. What is cellulose ? Where is it found in plants 1 
What are its modification I How do yon test for them 1 

29. Describe a typical vegetable cell illustrating your 

answer with diagram. Mention briefly the several ways in 
which vegetative cells multiply. * 

so. Draw diagrams of sections through the stem and 
the root of dicotyledonous plants which you have examined 
practically in the laboratory. 

31. Compare the structure of the fibro'yascular bundles 
in the stem of (a) a Monocotyledon, (d) a Dicotyledon, and 
(c) a Fern. 

32. Describe the process of cell-division. 

33. Describe the structure of a typical stem just after 
secondary thickening has commenced. 

34. Draw a diagram of the transverse sections of the 
young root of a dicotyledon. What are the functions of 
the different parts? 

36. Describe the structure of the growing point of the 
root of a dicot plant. 

36. Explain the formation of the r-ing-like markings 
in the wood of a dicotyledonous tree. Why are they absent 
in the stem of a monocotyledouous tree. 

37. Describe the tissue elements which you observe 
in fibro-vascular bundles of a Dicotyledon. . 

38. Explain what is meant by the term ‘ annual ring ’ 
as applied to woody trees. Describe a ‘ ring * accurately 
and expUin its formation. 

39. Make a drawing to illustrate the tissues of a typical 

leaf. Name the parts and state their functions. ' . 

40. Describe the cellular tissues bf a typical leaf.' Give 
a sketch and mention the functioUS of the various kinds of 
cells shown in your sketch. 

41. ’ What are meristeinatic tissues'? Where and how 

are they fortned. ’ ' 
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42. Describe the strucktre of lentioels and etoniata. 
Wbat is their functions ? Describe the method by \rhioh this 
function is performed in both cases. 

43. What is cork 1 How and why is it formed f Name 
Ibdian plants in which it occurs conspicuously. 

44. What are starch'grains and where are they found ! 
Describe their structure and mode of growth. By what 
micro-chemical tests may tli^y be recognised ? 

46. How would you I'eoognise under the microscope 
starch, cellulose, calcium carbonate and calcium oxalate ? 

46. Describe briefly how you would investigate the 
nature of elements necessary for plant-life by the water- 
culture method. 

47. What is meant by irritability in plants % What 
manifestation of it occurs in nature 7 Of what use is 
it to plants 7 

48. How does the sap ascend through the plant 7 Trace 
the course of the tissues through which this process 
takes place—commencing from the roots and ending in 
the leaves. 

49. Describe some methods by which you can demon- 
trate the action of light on the formation of starch. 

60. What is chlorophyll and what is its function 7 
Enumerate the essential conditions under which assimilation 
takes place. 

51. Why do plants transpire 7 Describe the principal 
organ of transpiration. Mention the conditions necessary 
for transpiration. 

52. Give instances of the sensitiveness of plants 

* 

to contact. 

53. How is turgidity of cells produced and what part 
does it play in the growth of plants 7 

64. What is meant by transpiration 7 Describe any 
method by which you can determine the rate of transpiration. 
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65. Explain wit^ reference to experiments the terms 

geotropismi hydrotropism and heliotroi^m. • 

56. Desoribe an expeiiment which proves that starch 
is manufactured in a leaf only when the leaf is exposed 
to sunlight. ^ 

67. How do green plants obtain tbeir niti'ogen I 

66. Distinguish between asumilation and respiration 

and desoribe some simple expenments by which it can be 
ptoved that plarts respire. 

69. How does water enter and leave a plant 1 How 

are these events regulated 1 Mention the importance of 
water to plants. 

60. How do plants obtain carbon? Enumerate some* 
of the commonest substances found in plants which contain 
carbon. 

61. Describe what happens in the fertilization of flower* 
ing plants after the arrival of the pollen on the stigma. 

62. What happens to the water which plants absorb 
by their roots ? Describe the structure of a stoma. 

63. Distinguish clearly between a parasite and a sapro¬ 
phyte and explain how the latter obtains its nourishment. 
Give examples of each. 

64. What is a parasite? Show how the phenomenon 
of parasitism is distinguished from epiphytism and sapro- 
phytisro. Give examples of each. 

66. Distinguish between paratonic, variation and spon¬ 
taneous movements. Explain the terms; chemotropism. 
nutation, hyponasty, phototaxis, and irritability. Give 
examples. 

66. What is growth ? Mention the conditions essen* 
tially necessary for the purpose. 

67. What do you understand by metabolism, chemotaxisi 
mycorhiza, enzymes, endosmosis, colloids, turgidity, and 
orthostichy ? 
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68. Wrifee a short essay on Rubiaoees. • 

0 69. Define the orders : Solanaoesa and Labiateas.^' 

70. How do you distinguish between Rubiaceae and 
Composites. Give sketches, 

71. How do you distinguish between MaivAcees, and 

Solanaoees. Give sketches. ' > 

72. Refer the following plants to their Nntwal orders 

and give reasons for your answer;—the Mustard, 'tftre'Melon, 
the Tulsi, the Rice, the Cotton, the Pig, the BananA.’ . 

73. Compare the structure of the flower of a Pea with 
that of the flower of the Sensitive plant, and show why they 
are included in the same Natural order. 

• 74. Describe the Natural order Cucurbitace®. 

75. Describe the general characters of the Natural 
orders Labiate® and Rubiace®. 

76; How would you recognise a Leguminous plant? 
Describe briefly three Leguminous plants which are common 
in Betigal. 

77. What do you understand by “ alternation of 
generations ” in the life-history of a plant ? Illustrate 
your answer by reference to .the normal course of life- 
history in Ferns. 

78. In what respects does a Fern differ from a 

Dicotyledon ? • 

79. Describe in detail the sporophyte generation in 
the Fern. Compare it with that of a flowering plant. 

80. Give an account of the life-history of a Moss. 

81. Compare the vegetative and reproductive structure 
of any Alga with that of atiy Fungus known to you. 

82. What is the essential difference between Fungi 
and Aigw ? • Describe a Fungs and an Alga with which 
you are personally acquainted, 

^, -83. .Compare ..the sexual reproductions in Spiix>gyra 
find Mucor. 
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84. Defloribe tbe Bteuctura aod mode < o{ detelo^ment 

of Spirogj^A. . . . . 

85. Oompare and oontrast the modes of reprodaction 
aod nutritioo in Mucor and Spirogyra. 

86. What is Yeast 3 Dworibe its struoture* life-history 
and mode of multiplication. 

87. 01 ve the outline of any modern system of 
claasi^alijwn with which you are acquainted. 

88. In, what ways do water-plants differ from land 
plants 3, Illustrate fi-om your own ol»ervation. 

89. Classify leaves and point out how their form is 
adapted to their function. 

90. Write a short essay on vegetative reprodufftion 
among flowering plants> giving examples. 

1 

91. Describe the process which lead to the conver¬ 
sion of an ovule into a seed, and state what is the 
difference between albuminous and ezalbuminous seeds. 

92. Give a short summary of the various contrivancos 
favouring the cross-fertilisation of flowers. 

93. What do you understand by “alternation of 
generation ” 3 Does this phenomenon occur among flower¬ 
ing plants 3 

94. Describe as fully as you can any on* of tbe following 
families (u) Compo6iti\e, {h) Acanthaceae. (c) Graminaceae. 

95. t^ive an account of the life-history, with special 
reference to tbe mode of reproduction, of any fungus you 
have examined. 

96. What is respiration 3 Describe some simple ex¬ 
periment by which you can prove that plants breathe. 

97. Describe the struoture of the transverse section of 
a dicotyledonous stem in which secondary thickening has 
just commenced. 

98. How does a plant take in food materials from 
tbe soil 3 
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99. Describe the various partw of a leaf aud give aa 
account of the modifioatioDs they may undergo. 

100. Give an account of the various contents of a grow* 
ing cell. 

101. What is meant by vezuition of leaves 1 Give an 
account of the parallel type of venation. 

102. Give a comparative account of the inflorescences 
of the mustard, the wheat and the cocks'comb. 

103. What is a fruit ? How do you distinguish true 
fruits from spurious ones ? Illustrate your answer by 
examples. 

104. Give an account of the various modes of propaga* 
j>iod*of plants by means of roots and stems. 

106. What are the normal functions of leaves! For 
what other purpose leaves may be utilised t 

106. Distinguish between a root-hair und a root-lot, as 
regards (a) structure and (b) function. 

107. What do you understand by root-pressure ? Des¬ 
cribe some experiment by which you can demonstrate its 
existence. 

108. Write short explanatory notes on the following 
botanical terms :—deliquescent, excurrent, zygomorphic, 
entomophilous, heliotropism, grafts, saprophytes, guard- 
cells, sieve-tubes, boidered pits. 

109. What is an inflorescence t Describe the forms of 

I 

racemose inflorescences that you are acquainted with. 

110. Briefly describe the life-cycle of a Moss ; and ex¬ 
plain what you understand by " alternation of generations.” 

111. Describe the obaraoteristios by which you recognise 
plants belonging to the Natural order Malvaoeie. Mention 
two plants of economic interest that belong to this order. 

112. Give an account of the various plant members 
that are, utilised as reservoirs of food. 

t 

) 119. Compare the flbro-vascular bundles in a monocoty* 
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ledoJQOUfl stem with those io the rhizome of a fern, as regards 
distribution and structure. 

116, What is bark? Describe its function and the 
manner 6f its formation. 

116. Describe fully the inflorescence and the flowers 
of Wheat, and draw its floral diagr^im. 

117. What do you understand by photo-synthesis f 
Describe soihe experiment by which you can demonstrate 
the products of this process. 

118. Describe with examples the structure of hypo* 
gynous, perigynous and epigynous flowers. 

119. How does a plant get rid of its waste products ? 

120. Write a short essay on the Asolepiadaceae. 

121. Give an account of structures that exist in plants 
for defensive purposes. 

122. How does the Yeast plant differ from a higher plant 
as regards its structure, general mode of life and reproduction ? 

123. Describe carefully the method of pollination of 
the Garden- Pea, illustrating your answer by figures. 

124. Explain, by drawings and examples, the following 
terms : Scape, Caudex, Corm, Stolon, Cladode, Peltate leaf. 
Samara, Anatropus ovule, Siliqua and Sorosis. 

126. What is understood b}' secondary growth? What 
is its significance ? Describe the process as seen in the stem 
of a Dicotyledon. 

126. Why are some plants able to keep their leaves 
during the winter, whilst others always lose them ? 

127. Describe the microscopical appearance of the 
transverse section of any Dicotyledonous stem that you have 
examined. 

126. Describe briefly the various deviees whieh enable 
plants to grow in (a) moist and (b) dry situations. 

129. What are Stomata ? Describe their stinioture and 
function. 

29(a) 
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ISO. What Oonditiona are neoMsary for the formation 
of Chlorophyll ? What is its* use io plant growth ) Is it 
invariably present in all plants ? 

% 

131. Give an account of the typical forms of Indefinite 
Inflorescence, giving familiar examples in each ease. 

132. Describe the structure of an anatropous ovule and 
its development into the seed. 

133. Define the Natural order Cyperaoeae and Amarylli' 
daoeae. 

134. Describe the circulation of water through a plant. 
How is it caused and controlled ? 

136. Describe the various functions of normal qr modi¬ 
fied roots and give examples. 

136. Describe the life-history of the Moss plant. 

137. Explain th^ terms tetradynamous, thalamus, apo* 
’ gamy, anemophilous, saprophytic, epiphytic, xerophytic, and 

chromosome as applied in Botany. 

138. Write a short essay on the Leguminoee. 

139. Describe the life-history of a moss. Of what 
signifieanoe are the two generations which it shows ? 

140. Discuss the importance of watersupply to plant life 
and briefly refer to the modifications of organs presented in a 
few water-plants found in the neighbourhood of Calcutta. 

141. Describe the structure and life-history of a Desmid. 

142. Describe experiments to prove the principal facts 
known about assimilation in plants. 

143. Define the following terms with illustrative 
examples tetradynamous stamens, monadelphous audrae- 
oium, epioalyx, aril, papilionaceous oorolla, capitulum, 
interpetiolar stipule, sinuous anther, staminode and glume. 

144. How are the feeding processes in plants influen¬ 
ced by the alternation (u) of day and night and (b) of 
summer and winter t 

145. Give the chief-characteristics of the Natural 6rder 
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Oramioaoeae and mention the plants of economic value. 

146. Describe in detail #ie sporophyte of a fern. 

147. WJiat is bark f How is it formed ? Describe the 
miorosoopio etruoture of a section, showing the typical, for¬ 
mation of bark. 

148. What do you understand by a classification of 
plants i On what characters does such a dassifioation depend f 
Briefiy describe any system of classification known to you. 

149. In what different organs may plants store up sup¬ 
plies of food for future use 1 When, and in what ways, are 
these stores used up 1 

160. Describe the principal shapes of the lamina of a 
leaf. Give familiar examples. 

161. Describe the microscopic structure of a eross'sec* 
tion of the stem of Indian corn. 

162. What is intra-mojecular respiration? Describe, 
some experiment by which you can demonstrate this 
phenomenon. How does it differ from ordinary respiration 1 

163. Describe the various modes of' insertion of the 
floral leaves on the thalamus. Give common examples. 

164. What is yeast? Some yeast Cells are put into a^ 
solution of sugar and kept in a warm place : describe the 
changes that may take place in (a) the yeast and (b) the 
solution. 

165. Describe in detail the characteristics of the 
Natural Order Cucurbitacesa. Name the economic plants. 

166. Sketch the different parts of a leaf and show how 
they are fitted to do the different functions. How do 
you demonstrate that leaves manufacture carbohydrates ? 

167. What is a rhisome, and in what features does it 
differ from a root ? Describe the mode of annual grpwth in 
length of the rhizome of any plant. 

158. Give an account of the various kinds of corolla and 

« 

mention the modes of pollination in any two of them. 
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PRACTICAL MICROSCOPY. 

t * « 

The following instruments are required t— 

.1. A ‘0>mp<mnd IMcroscop% with high and low power ienses. 

2. A Simple\LgfiSt for rough work, 

3. A. Ldssectiti^ CasB containing— 

(fl) A Rasscr^ slightly liollow-ground. 

(*) A or pen knife. 

(c) A pair of Forc^s% Brush^s^ and Sdssors. \ 

{a) A few deep JVBtdi-Glasses• 

(ff) A few' Glass-SliAs &nd Couer-Glassgs, 

4. Wash Betties^ Lamps or gas burners^ a few dbxss Basdis 

with cover, blotting papers cat into pieces 4 in, x 1 in. and packed 
in doEcns, Veluet Corks or Sdsr P&h for sectioning. 

The follow reagents are necessary,— 

1. Glycerine; 2, Methylated spirit; 3. Iodine; 4. Ohloro^ 

Einc-Iodine j 5, Potash Solution; 6. Sulphuric Acid; 7. Aniline 
chloride; 8* Phloroglucinc; 9, Hydrochloric and Acetic acids; 
and 10. a few stains, such as Fuchsin (Magenta), Eosin, Aniline 
blue, etc. 

For observing the structure of protoplasm and the cell, scales of 
* Onion, leaf of Vallisneria, aquatic roots, pollen-grains, hairs of 
f'ucuniber or of nlher stem may betaken and examined as described 
in Ch. XIII. 

For observing the structure of cel I-walls and their reactions—See 
Ch. XIV. 

For studying the structure of the stem or the root, transverse 
and longitudinal sections are cut by means of a sharp razor. The 
stem or root is fii-st thoroughly w^ashed in water, then cat into small 
pieces to be conveniently bold by the fingers, and the cut surface 
from which sections aie to be taken is made perfectly smooth by 
means of a scalpel or a pen-knife. Materials preserved in spirit are 
preferable to fresh plants, for TesiiiB, gums and other matters present 
in fresh materials often stand in the way of getting good sections. 
For sectioning, the specimen is held with the fingers of the left hand 
with the smooth surface slightly projecting, and the razor is worked 
with the right Land. A sliding movement is given to the razor so that the 
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blade glides on the specimen from end to end. Only a gentle presanrci 
if at all) shoald be applied) and ^ith practice, extremely tbin sections 
can be obtained. On no account ehonld the razor be used roughly 
or hurriedly or with force. The object is best secured by letting the 
blade glide smoothly‘on the specimen, no matter if full sections are 
coming out or not. Complete sections are often unnecessary. The 
surface of the specimen should be always kept' moist with water or 
spirit. Some half a dozen or more sections should be cut at a timC) 
the thicker or dirty ones arc rejected, and the veiy best are picked 
up and placed in water contained in a watch-glass. Sections should 
never be allowed to dry' up. The picker sections sipk in a short 
time while the thinner ones €oat longer. These are then carefully 
removed to another watch-glass containing water or the staining 
fluid, if necessary. 

Leaves are rolled up into a compact cylinder, or folded several 
times to foto a thick cushion, which is held firmly with fingers 
of the left hand and a part is cut off to get the smooth sectioning 
surface. The razor is then worked as detailed above. 

The thin sections may then be at once mounted in a drop of Iodine 
solution on a glass fllide, covered with a cover-glass, and observed 
under the low power of the raicroficope. The low power is often 
quite Bufiicient for ordinary purposes, the high power of the microscope 
is used only occasionally for observing details. The sections may 
also be mounted in Ghloro-zinc-iodine, but the best mounting medium 
is Glycerine for it clears up a section very markedly. The sections may 
be left in strong Iodine sol. for sometime and then niounted in a drop 
of Glycerine and covered with a cover-glass. The method is the 
simplest and best of all and serves for all ordinary observations. 
Stained sections arc prepared by putting them in 1 per cent solution of 
staining agents for some 5 min., and after thorough washing, first 
with water and then with spirit, they are mounted in Glycerine. 

In mounting a preparation on the stage of the microscope great 
care should be taken to see that there is no moisture on the stage, 
and that no leagent or even water runs^ from the slide to the stage. 
The slide when ready for observ.ation should be wiped quite dry at 
the free parts. Neglect on this point soon wears out the microBcope, 
and good result can never be expected. 

Iodine stains (1) ligniiied cells yellow, (2) suberised and cuti- 
nised cells brown, (3) protoplasm and proteids light yellow, (4) starch 
blue, and (5) cellulose scarcely at all. 

Chlor-zinc-iodine, a mixture of Zinc chloride and Iodine die- 
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mlved in Potlufa-Iodide Boln, gives almost the same reactions as 
Iodine bat oellnlose gives a violet colour, and starch grains swell 
up with it giving a blue masSL 

Alcohol is a clearing reagent as it disBolves resinous and colouring 
matters, such as chlorophyll etc. It also hardens tissues. 

Glycerine is a clearing and mounting medium. 

Potash solution is a clearing agent. It disaolves all cell-ooptents 
and so makes a section transparent. 

Sulphuric acid is used for swelling and dissolving cell walls. 
Also for hydrolysing cellulose into amylum and finally into sugar. 
Sec Chap. XIV. ♦ 

Aniline chloride solution turns lignified walls deep yellow. 
Phloroglncine solution (acid) turns lignified walls red. Fuchsin, 
Bosine, Aniline blue arc staining reagents which stain the cell-walls 
and cell-contents variously. 



APPENDIX U. 

» • ' I 

GLOSSARY. 

Absci«*-Uyeri a layer of Beparation formed at leaf-fail. 

Aeauiaecent, BtemlesB. 

Accreecut, applied to parts of dower each aa the calyx which inoreaBca 
in aiee after doweriog. 

Adienci a small Beed-like dry indehi8(|^t 1-oelled, l^aeeded fruit. 
Achlamydeoua, used of dowering plants without calyx or corolla, 
Adcular, needle-shaped. 

Actinomorphici applied to dowera which can be cut yertically into 
equa^ halves through two or more planea ; that is, regular. 
Adheaioni the union of parts normally separate. 

Adnatc, united or grown together. 

Adveotitioua buds, buds produced out of their regular order. 
Aestivation, the folding of the parts of a dower in the bud. 

Aggregate fruit, formed from apocarpous ovaries of a single dower. 

Alae, the two lateral wings of a papilionaceous corolla. 

Albumen, any form of food-matter stored within the seed and about 
the embryo. • 

Aleurone-grains, nitrogenous food-matter stored in the reserve tissues 
of seeds. 

Alga, a chlorophyll-containing class of Thallophytes. 

AmphiUotts, plants which can live either in water or in the air. 
Amplexicaul, leaf is one which clasps the stem so as to surround it. 
Amylum, starch. 

Anatomy, the internal structure of plants. 

Anatropoua, applied to an ovule which is inverted, not straight. 
Andraecium, the collective term for the stamens of a dower, 
Anemophilous, or wind-pollinated. 

Annulus, a row of cells around the sporangium by the contraction 
of which the sporangium bursts and spores arc scattered. 

Anther, the part of a stamen which contains pollen. 

Anthoeyanin, a coloured pigment found in the oell-sap of the coloured 
parts of plants, in dowers, fruits, foliage. 

Antipodal cells, a group of three cells at the chalazal end of the 
embryo-sac of Angiosperms. 

Awtalae, without petals; another naipe of the IncompletsB, 
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jj^pocarpoui, whea the carpels of a gynoecinm are separate and free. 
Apophysis, & swelling under the base of the theca in some mosses, 
Archegoniuin, the flask-shaped female sexnal organ in higher crypto¬ 
gams with neck canal-cells and a venter containing an egg-cell. 
Archesporium, a group of cells from which spore mother-cells are 
produced. 

Aril, an investment to a seed which arises after fertilisation. 

Asd, a kind of tabular sporangium in certain fungi containing eight 
fiporcB called ascospores, 

Asaimiiation, procees of building up Bugar, starch and other matters by 
the protoplasm. 

* Auricuiate, leaf with ear-shaped projections at base. 

Autogamy, self-pollination. 

Awn, a briatle-like appendage, especially in the glumes of grasses. 

Bark, the outer dead covering tissue of thick stems or roots. • 
Baaidium, a cell from which spores or conidia are produced by 
abstriction ; formed in the mushrooms. 

Bast, special tissue in the plant-body consisting of the Phloem and 
prosencbymatouB cells. 

Berry, a fleshy succulent fruit with homogeneous pulp. 

Bilabiate, two-lipped, said of a flower. 

Bract, a leaf subtending a flower. 

Bud, the unexpanded young part of a foliar and flowering shoot. 

Bulb, a form of underground shoot with fleshy scale-leaves in which 
food-material is stored. 

Bulbil, a deciduous bud, usually formed on an aerial part of a plant 
Callus, thick pad of dense protein matter formed in old sieve-tubes. 
Calyptra, the hood on the sporogonium of a moss. 

Calyx, •the outer whorl of a flower consisting c£ sepals. 

Cambium, a layer of tissue formed between the wood and the bark, 
Campylotropous, said of an ovule which is bent like the letter U. 
Capitulum, a cluster of sessile flowers condensed on a flat receptacle. 
Capsule, a dry dehiscent fruit. 

Carpal, the female ovnliferons leaf of the flower. 

Caruncle, turners or ridges on the surface of the seed-coat. 

Caryopsts, diy indehiscent l-seeded fruit of grass-family. 

Catkin, a deciduous spike bearing flowers of one sex only, usually male. 
Caudex, an unbranced stem as of Palms. 

Caulasceol, having a stem rising above the ground, 

Caidine, appertaining to the stem. 

CaU| the structural vnit of which plants ace built up, 

If'. 
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Celi-m«mbran0, the cell-wall. 

C0U*plate« used of aggregates of cells ia one plane. 

C«ll-saPi the watery fluid contained in a oelU 

Celialoaet the essential constituent of cell-walls composed of a carbo- 
hydrate^ 

Centrifugal, used to such inflorescences as open their flowers from the 
centre outwards ; definite inflorescences. 

Centripetal, used to such inflorescences as open their flowers from out¬ 
side inwards ; indeflnite flat-topped inflorescences. * 

Cbalazogamic, applied to £ert:iiisation taking place by the pollen-tube 
entering the embryo-sac by way of the cbalaza and not by the 
micropyie, 

Chlorenchyriia, a green chlorophyll-containing tissue. 

Chlorophyll, the ordinary green pigments of plants which help carbon- 
assimiiation, present in chloropiasts. 

Cilia, delicate protoplasmic filaments serving as organs of locomotion in 

» 

certain swimming cells. 

Cladodes, fiat leaf-like stem or its branches. 

Claw, a name given to the stalk o| petal, 

Cleistogamic,—ous, applied to inconspicuous fiowers which do not opmi 
and are self-poliinated. 

Collective fruit, consists usually of the perianth-leaves, braots, as well 
as the ovaries of several flowers, commonly of all the flowers of an 
inflorescence united into one. They are all succulent, 

Coilenchyma, a form of mechanical tissue having prism-shaped cells 
whose angles are moch thickened. 

Columella, the stertle tissue in the centre of the sporogonium of Moss 
around which the spore-layer is formed. 

Cone, the crowded scales bearing ovules or pollen-sacs in Gymnosperms. 

Conjugation, the union of two gametes or sexual cells resulting in 
a xygote ; a process of sexual union in Algee and Fungi. 

Contorted, used when the corolla is spirally twisted in bud. 

Convolute, a leaf which is rolled up longitudinally in the bud. 

Cordate, heart-shaped, 

Corm, a form of fleshy underground stem like a large bud with sealer 
leaves. 

Corolla, aggregate of petals, the coloured leaves of a flower. 

Corona, a kind of ligular structure on petals. 

Cortex, the portion of stem and root external to the vascular tissues. 

Corymb, a flat-topped inflorescence of the indefinite type, 

SO 
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Cnnstoi tooth-Bhaperl ; bakI of the margia of a leaf* 

Croai-fertilisation femlisatiOB of the ovulea one tiower bj pollen 
from another flower. 

CffOU*poIlination, the deposition on a atigma of pollen brought from 
another flower. 

Crudfaroui, abaped like a orosa, said of a flower. 

Cryptogamia, or non-flowering plants which do not show up their sexual 
organa. 

Cuticle, a layef on the Burfaoe of a plant formed of the cutluised outer 
BurfaceB of the epidermal cells. ^ 

Cyatolith, a concretion of calcium carbonate deposited on peculiar 
peg-shaped etructurea in the epidermal cells of the leaf of Fions family. 

Cytoplasm, the protoplasmic body of a cell as opposed to the nucleus. 

Daughter-cells, cells which arise from the division of any cell. 

Deciduous, not permanent; said of leaves and the perianth. 

Decurrent, said of a leaf when the lamina adheres to and runs down 
the stem so as to make it winged. 

Decussate, applied to leaves which are arranged in pairs alternately 
crossing each other at right angles at Buccessive tiers. 

Dehiscence, the mode of opening of a fruit, anther, spore-capsule etc. 

Oermatogen, the embiyonic cellular layer at the apex of stem or root 
which develops the epidermis. 

Dextrorse, used of twining plants which make a clock-wise movement, 
from left to right. 

Diastase, an enzyme or ferment which converts starch into sugar. 

Dichogamy, the matnring of pollen and stigma m a hermaphrodite 
flower at different times to prevent self-fertilisation. 

Dicotyledon, plant with two seed-leaves or cotyledons. 

Didynamouff, having four stamens, two short and two long. 

Dioecious, unisexual, the male and female flowers being on separate 
indlvidnals. 

Divergence, applied to the angle between the insertion of successive 
leaves on a stem. 

Dormant buds, are those which arise in the leaf-axils in the usual way 
but which do not forthwith expand into bhoots. They remain often 
many years until stimulated into activity by some special event. 

Drupe, succulent fruit with hard stony endocarp enclosix^ a single seed. 

Ducts, canals formed by the fusion of a row of cells. 

Ectoplasm, the hyaline outermost layer of protoplasm in a cell. 

Egg-call or ovum, the female generative cell. 

Embryo-sac, the large cell in the nucellps of an ovule, in which 
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the ^‘Oell aad olxixmttely the emlwyo ariaei. 

Endoplanat the soft inner graaalar protoplaamDf a oell. 

Endoemcwu, the transmiaBion of floide through poroaa taambraaea from 
the exterior to the ioteriur, 

Endoeperm, the tiseoe which grows igithin the emhrjo-eao of flowering 
plants after fertilisation and whiob is stored with feod^materials 
for the embryo. 

Endosporoi asexnal reprodnctive cell formed within sporangia. 

I 

Entirei nntoothed ; said of the m^gin of a leaf, 

Entomophilous, inBcct-pollinated. 

Enzyme, fermenu foaud in seeds, etc,, as diastase, pepsio. 

Ephemeral, short-lived, 

Epicotyl, the part of a seedling plant above the cotyledons. 

Epidermis, the outermost layer of cells in a plant body. 

Epigeal, growing above the ground. 

Epiphytes, plants growing attached to other plants (asrial), * 

Equitant, leaves folded lengthwise and sitting astride one another. 
Ethereal oils, formed in cells of odoriferous plants. 

Evolute. turned back. 

Ezosmosis, the transmission of fluids through a porous membiaoe from 
the interior to the exterior. 

Extine, the outer coat of a pollen-grain or spore, 

Extrorse, applied to such anthers as open towards the outer whorls of 
a flower, 

* Eye, an undeveloped bud on the surface of a tuber. 

Fascicle, dense cluster of flowers, leaves, roots etc. 

Ferment, a substance produced by the protoplasm which induces 
chemical changes. 

Fertilisation, the process by which the pollen reaches and acts upon 
the ovule finally uniting the male and female plasmas. 

Fibrous layer, the thickened portion of the anther-wall which brings 
about dehiscence. 

Filament the stalk of an anther. 

Filiform, thread like.* 

Fimbricate, fringed by fine sub-divisions of the margin, 

Flageliuin, the whip-like filament of protoplasm whi<A serves to move 
the cell about. 

Floret, the single small flower amidst a cluster of flowers in a compact 
inflores^nce. 

Flowering-glume, the outer of the two chaffy scales provided with awn 
which enclose the flower of grasQlnaoes?. 
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Follicle, a l-carpel debiaoent frait opeuiag by the Tentral suture. 

Foot, the Bucker by which a young fern plant is attached to the 
prothalliam and draws nutriment. 

Fungus* a cellular cryptogam having no chlorophyll. 

Funide, the stalk of an ovule or^^seed. 

Fusiform, spindle-shaped, tapering both ways from the middle. 

Galeate* helmet-shaped, 

Gametangia, cells from which gametes are developed. 

Gamctej a sexual cell. ^ 

Geitonogamy, crossing between separate neighbouring dowers growing 
on the same plant. • ^ 

Gemma, a small undeveloped bud. 

Gemmation, the act of budding. 

Generative cell, the cell in pollen-grains which ultimately fertilises 
the egg-cclJ, 

Genetic spiral, the spiral line passing through the points of insertion 
of Buccessive leaves on the stem. 

Genus, an assemblage of very nearly allied species of plants. 
Geotropism, the tendency of plants to grow towards the earth. 
Germination, the process by which the embryo of a seed grows up into 
a young plant. 

Glabrous, smooth, without hairs. 

Glandular, bearing glands or like a gland. 

Globoid, the tiny mass of phosphate of magnesium and calcium often 
found in alou rone-grains. 

Glomerule, a cymose inflorescence, formed into a head. 

Glumes, the chaff, bract like scale on the inflorescence of graminacese. 
Gynoccium, the carpel of a flower or all the carpels collectively. 
Gynophore, the stalk-like internode supporting the gynoscium only. 
Habit, the general appearance of a plant. 

Habitat, geographical position or residence of a plant. 

Hastate, dart-shaped or like an arrow-head. 

Haulm, the stalk of a grass of any kind. 

Haustoria, the sucking root of a parasite, oAimilar food-absorbing 
organs. « 


Helicoid, one-sided cyme coiled circinnately, 

Herkogamousy where self-pollination is prevented by suitable contri¬ 
vances in homogamouB flowers. 

Hermaphrodite, flowers with both stamens and pistil, 

Heterogamous, bearing two kinds of flowers which differ Anally. 
Hettropbyllous, bearing leaves of more than one form on the stem. 
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Hatetotporouv, having spores of different kinds, especially male 
and female. 

Heteroitylo^, whore the styles and stamens of a flower are of different 
lengths. 

Hilum, (1) of straob grains : the centre aronnd which the stratifica¬ 
tions are deposited; (2) of a seed : the soar loft at the point of 
attachment of the seed when it fails off. 

Hirsute, having rather coarse or stiff hairs. 

Homogamousi bearing only one kind of flower, either male or female 
also when both the sexes in a fl#rer mature at the same time. 
Homosporous, having spores of similar kind. 

Humus, a soil composed of decaying and rotten vegetal matter, 

Hya line, transparent like jelly. 

Hybrid, a plant resulting from the cross-breed of two different species. 
Hydrophytes, plants which live in water. 

Hydrotropism, the particular irritability of the roots of plants to grow 
and move towards moisture. 

Hymenium, the spore-bearing surface of a fungal receptacle, 

Hypha, the filaments of the thallus of a fungus. 

Hypocolyl, the part of a stem below the cotyledons, 

Hypocratariformt salver-shaped ; used of a corolla with a long tube 
and expanded flat limbs, 

Hypogeal, underground ; said of the cotyledons during germination. 
Hypogynous, used of a flowei when the sepals, petals and stamens are 
inserted on the thalamus below the ovary. 

Imbricate, overlapping like the scales of a flsh, 

Imparipinnate, pinnate with a terminal leaflet. 

Incised, cut irregularly and sharply. 

Indehisccnt, not opening, said of fruits. 

Indusium, the scaly outgrowth of a fern leaf enveloping tbesorus. 
Interior, lower or below ; said of the members of a flower. 

Inferior ovary, where the ovary is adnate to the calyx tube and the 
sepals become epigynous. 

Inferior calyx, where tlje calyx is free from the ovary which is snpiiih^ior. 
Inflated, bladdery. 

Inflorescence, the actual cluster of flowers or their mode of arrangement 
in the flower-bearing part of a plant, 
infundibuliform, funnel-shaped, said of a gamopetalous corolla. 

Innate or basifixed, where filament is attached to the base of an anther, 
Insectivoroi^ planta, are those which catch insects and absorb their |tiio^ 
Integument, the outer coatings or envelopes of an ovule, 

S0(a) 
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Intaraodet tbe portion of a atom between the nodes or the pdnte 
of ineerti<Hi of leaves. 

Inline, the inner layer of the wall of the polien-grain. 

Introrae, said of an anther dehiscing towarde the centre of the flower. 
Intuaauacopdon, a method of growth of the oeli*walI whereby new 
particles are inserted between those already present. 

Invcducre, a circle of biaots surrounding a dense cluster of flowers* 
Involute, rolled inwards ; said of a leaf in bud. 

Isogamy, sexual union between two equivalent gametes, found in Algas 
and Fungi. ♦ 

Labelium, a peculiar floral leaf in the flower of Canna family. 

Lamella, a thin plate as in the gills of Mushrooms, 

Lanceolate, lance-sbaped ; said of a leaf. 

Latex, the milky, white or coloured, plant-juice, 

Laticiferous, containing latex. 

Leaf-axil, angle between leaf-base and stem. 

Legume, the dehiscent fruit of Pea family ; monoGarpeilary and 
breaking into 2 valves. 

Lichen, an organism consisting of some algae and fungi living together 
in a life-partnership to their mutual benefit. 

Lignin, the substance present in the walls of woody cells which make 
them hard, 

Ligule, the thin scaly outgrowths of the leaf-sheath of grasses; a 
tongUc-like projection, 

Ligulate, tongue-like ; said of certain flattened flowers of compositfie. 
Liverwort, the lower family of plants under the Bryophytes. 

Lodicules, tiny scales, usually two in number, which i^present the 
perianth in the minute flowers of the grass-family, 

Loxnent, a transversely constricted legume which breaks up into l-seed- 
ed parts, as in^oacia family. 

Macrospores, opposed to microsporcs , the large (female) spore of 
heterosporouB plants ; in phanerogams it is the embryo-sac. 

Medulla, the pith or central parenchyma of the stele, 

Mericarpi one of the two seed-like parts into* which a scbixocarp 
breaks up, 

Maristem, embryonic tissue found at all growing parts of plants, 
Mesophyll, the parenchymatous ground tissue of a leaf. 

Motabolism, the chemical changes which take place in a living active 
protoplaam ; it may be either a constructive process when it is called 
anabohsin, or a destructive process called catabolism. * 

Microi^ylc, the opening In the integuments of an ovule through which 
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the pollen tube pasBes to the embryo-sac. 

' Microspovea, opposed to macroeporra, the smaller (male) spores of 
hcterosporouB plants; in phanerogams^ the pollen grains, 
Monadelphousi of one brotherhood; used of stamens when they are 
all united together by their iilameots alone to form a tube, 
Monandroui, with one stamen. 

Moniltform, like a necklace or string of beads. 

Monocarpellary, consisting of but one oarpeL 
MonocotyiedoDOBBi having only a single-cotyledon or seed-leaf. 
Monoecious, having male and fitnale flowers on the same individual 
plant; opposed to dicecioas. 

Morphology, the science of forms ; that department of Botany which 
deals with the formf alone of the plant-body, excluding its develop¬ 
ment, functions, etc. 

Mycelium, the fiiamentoas vegetative body of a fangus which rami¬ 
fies in the substratum on which the fungus lives. 

Mycorhixa, a root invested by a mantle of fungal threads which 
behave like root-hairs ; a case of symbiosis in many forest-trees. 
Nectary, a honey-secreting gland or^ boney-sac in a flower. 

Neuter flowers, those without stamens and carpels. 

Node, part of a stem at which a leaf is inserted. 

Nucellua, the tissue of the ovule inside its coats which contains the 
embryo-sac. 

Nuclear plate, the plate of chromosomes which forms in the middle 
of a nuclear spindle when the nucleus is dividing. 

Nucleus, a specialised part of the protoplasm which acts as its organic 
centre, guiding, directing, controlling its whole activity. 

Nut, a bard indehiscent l-secded fruit resulting from a polyoarpellary 
ovary. 

Nutation, spontaneous changes in position of all groi|^g organs, 
Obovate^ inversely ovate i.c,, the broader end at the apex. 

Ooplasm, the female plasma. 

Oospore, a fertiliseil egg-cell, 

Operc:ulumi the lid of a Moss capsule. 

Order, a group of nearly allied genera related to one another by 
structural characters common to all, 

Orthostichies, vertical ranks of leaves on the stem. 

Qrthotropoust vertical ovule with mioropyle, nucellas, ehalaua, 
and funiole all lying in a straight line. 

Osmosis, the phenomenon of liquid diffusion through a porous mem¬ 
brane auob as ceii-waU, 
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OVftiyt swollen p^rt of the platil oontaiaing the ovules. 

Oviili, tto rodent of the seed being the macrosporangiumi oontaming 
theiiogie macinspore) the embrjo-sac. 

OvnKfanuiit bearing ovules. 

Palaaf the chaff-like bracts of grass-flowerfi—and of the oompositas. 
PaUaadw-MlU, the upper green cylindrical cells of the xnesopbyll of a 
<iOi»i*ventral leaf differentiated from the lower spongy cells owing 
to difference in Illumination of the two sides. 

Palmate^ radiate like the iingers of the outstretched palm. 

Paniclo^ a compound loosely much-branched inflorescence. 
Papilionaceous, like a buttei-fly ; applied to the flower of the Pea 
family. 

Pappusi a hairy or feathery development of the calyx-segments of 
plants of the sunflower family^ which promote dispersion of the 
tiny seed-like fruits. 

Paraphytes, sterile filaments ftccompanying the sexual organs in 
mosses or the asci, basidia, and other fertile cells of many fungi. 
Parasite, a plant which lives upon and obtains nutiiment from the 
tissues of a living plant. 

ParasHchiet, secondary spiral lines formed by crowded leaves on a 
short axis, as in pine-apple or pine-cone. 

Parenchyma, thin-walled soft tissue of a plant. 

Pedate leaf, one like the claw of a bird. 

Pedicel, the stalk of a single flower, as opposed to peduncle. * 

Peduncle, the primary flower-stalk supporting either a flower-cluster 
or a solitary flower. 

Peltate, sbield-like; said of leaves when the petiole is attached to the 
under-surface of the blade and not to the margin. 

Perennial, lastine year after year. 

Perfect flower, bai^^ all the ordinary organs of a flower. 

Perfoliate, a leaf appearing as if perforated by the stem. 

Perianth, applied to floral leaves especially when it is not easy to 
distinguish calyx and corolla. 

Periblem, the embryonic tissue of the primary meristem of the growing 
apex from which the primary cortex arises. 

Pericarp, the wall of the mature carpel or their fruit, 

Perxchaedum, the whorl of leaves at the top of the Moss stem which 
form a flower-like structure, enveloping the atebegonia and 
antheridia. 

PerigynoUf, around the ovary and not at its base, said of a flower, 
Periaperni, the tissue of the nucollus of the ovule outside the embryo- 





f flae in which food matter is stored for the fatnre ase of the emhyro, 

PaiistoinOf the ring of teeth around the n^th of a Moss capsule. 

Peiifch0ciaai«.t^e flask-shaped cavity in which msoi are produced in 
certain fnngi, 

Peraonatei said of an irregular 2-lipped corolla with the throat closed * 
hy a projection of the lower lip. 

Petal, iNeeffolla-leaf. 

Pedolo, the stalk of a leaf. 

Phanerogamia, flowering plants, plants which show male and female 
organs. 

Phloem, the soft outer tissue of a vascular bundle oontainiiig mainly 
sieve-tubes and oompauion cells which carry assimilated matter. 

Phyllode, a flattened petiole assuming the form and function of a 
leaf-blade. • 

Phyllotaxis, leaf airangement; order of distribution id leaves on the stem. 

Pinnota leaf, a compound leaf with leaflets arranged on either sld^ 
of a common rachis or petiole. 

PionBti'fid,-pardte,-8ect, said of the marginal incisions of a simple 
leaf according as it is slightly cut or deeply parted or almost 
divided. ^ 


Pistil, the female organ of a flower consisting of an ovary, stigma and 
style (which may be absent), 

Pistillate, said of a female flower (which has no stamens). 

Pitcher, a tabular or excavated leaf or rather petiole confining a 
liquid ; pitcher plants are insectivorouB. 

Pith, the medulla or central cellular tissue of a stem or root. 

Pits, thin plates on a thickened cell-wall. 

Pitted call, ceils marked by many pits. 

Placenta, the part of the carpel or ovary which bears the ovules ; m 
ferns, the part of lihe leaf tissue which bears the 8|prangia, 

Plicate, plaited, folded lengthwise into plaites. 

Plumule, the flrst bud or rudimentary shoot of an embryo. 

Pod, a dry dehiscent elongated fruit, a legume, 

Pollen, the male spores or cells contained in the anther. 

Pollen-tube, the tube produced by the pollen grain on gerrainatiem On 
stigma whichf carries the male plasma in it. 

Pollination, poll^ arriving at a mature stigma for germination, 

PoHinia, masses.Of coherent pollen grains; singular poUinlnm. 
Polyadelphous, said of stamens which form many bundles of fllaments^ 
the anthers being all free. ^ 

Pol^carpallary, having or oonsirting of a number of carpels, * * 
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PonM, « l^ind oE flesliy froit of which the Apple and Fear al^ types. - 
Parous, need of debiBoene of anthars and fruits eto.^ by mehnll of porea 
or small holes, 

PficUOt a sharp-pointed prooess of the epidermis which may be easily 
pnlled'oafc. . 

Protandrous, flowers which mature their anthers before the vtigtaa, 

opposed to 

Protogynous, flowers which mature their stigma before the anthers; 
Proteid».vFrOtciD,.a series of nitrogenous matters of complex composition 
produced by the protoplasm. 

Prothallus, the stracti^e produced by the germination of the spore 
which bears the sexual organs, 

Protoncmai filaments produced by the germination of moss spores 
fronr which^the leafy moss plant arises by budding. 

Protoplasm, the living substance of plants and animals. 

Fulvinus, an* enlarged tissue at the base of a petiole at its point of 
, insertion on the stem ; found in the Leguminosm, 

Pobescent, covered with soft down-Hke hairs, 

Pyrenoids, refractive bodies imbedded in the chlorophyll of certain 
V vgreen alg^i especially of conjogats. 

Raceme, an indefinite inflorescence with a long axis and pedioelled 
flowers. Racemose, in racemes, or like a raceme, 

Raduy the^ main axis of an indefinite inflorescence or of a compound 
leaf. 

Radical, belonging to or arising from a root or the subterranean portion 
oi the sj^m. 

Radicle, the rudimentary yoot of an embryo. 

Raphe, the rid^ of an anatropous ovule which represents the part 
of the fnnicle adnate to the ovule, 

Raysflorats, the^marginal flowers of a dense head of flowers, 
Roceptado*o£ flower, the short or flattened axis upon which the 
various floral members are inserted ; the thalamoa. 

Renifonn, kidney-shaped. 

Repand, slightly wavy or undulatipg, ^ 

Replom, the persistent ii^me-work oi the placenta which remains 
In some cruciferoas fruits dlter the valves have fallen away« 
Itaaia-du^An inter-oelluli^r passage into which resin is secreted and 
stored, 

lircKt^ng. a pro^eM by wbiob tbe pUqt takn 


FiUyi».i«l<ra«, PdlyMpalQua, having free petals or sepak, me 
*)' to^gaaiopetalous, gamosepaias. 
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ovygen fvon th« air md gi^vu :oat carbon 41 ondt aiD 4 ^nM 4 «M|ce» 
exactly aB ia aaimala; by thia proocflotibe p|an(;h«^.inM»li wam 
and dt'to carry oat natritire faaotioat. 

R«tiail|d*» In the {orpa of network.. > . 

Revolutc, rolled backward from the margins, 

Rhizoidit bair«Like filaments of lowier plants whiofa act like soota. ^ ; 

Rhizomoi undergioand creeping stem usoally rooting at the nades and 
becoming erect at the growing end. ., ,,, , _ 

Rib, a vein of a leaf. 

Ringeirti'gaping, said of a bilaldate corolla. . 

Rootcapi the cellular tissae forming a cap-like mantle at the 
of a root. 

Root-stocky same as rbisome. 

Rotate, wheeUsbaped; said of a regular gamopetaloos ooroUa wHb 
ciroolar and spreading limbe. j . . . 

Runner, a filiform prostrate branch running on the ground and 
rooting at the nodes. 

Saccate, sac-shaped; bag-like, . . 

Sagittate, arrow-shaped, said of a leaf with two basal lobes tamed 
downwards. 

Samara, an indehiscent winged fruit. 

Saprophyte, a* plant which grows on dead and decaying OTganic matter 

Scape, a peduncle of an acaulescent plant bearing fiowera. 

Scarions, thin, dry and membranous. 

Sowpioid, mid of cymose infioreseenoe which baa flowers oa alternate 
^des on a false axis. 

Scluzocarp, a fruit which breaks up into l-seeded phrts. ■ * 

Sclerotic cells, baid thick-walled stone-cells of irregular form, 

Scutellum, the peculiar cotyledon of the embryo of grass family. 

Seed, the fertilised and matured ovule containing the embryo. 


Sepals, the fiiat or outer green leaves of a flower. 

Septate, divided by partition walls. Septum, a partition wall. 
Scptieidal, dehiscence of*cap8ale taking place through' the,splitting 
up of the septa of the ovary. 

Serrate, like the teeth of a saw. Serrulate, fihely Serrate. 

Sessile, withoR stalk, said of a leal or flower. . ^ 

Seta, the stalk of the spore-capsule of a Hdss. * 

Sneath, a tubular envelope. -0 

Sieve*Plste, the area or portion of the wall of ^ a efcTe-tabe pmHemted 
by fine pita 

Sleye-tukai n)ost important tissue ot tM pblosm, oonsteMwg of 
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«U>ag&ted artieulat^A cells ocnmnnieaMng with each other by 
meang of namerous pits in their common walls. 

SilicnUi a short ImlebiBoent siiiqua.* 

Stiqua* the dehiscent fruit of the Uostard famil7| characterised by the 
persietent placenta called replnm. 

SSniatrorse, used of twining stem which turn from right to left,'. 

5o^i a cluster of sporangia. 

SpadiS} a fleshy spike. * 

Spalhe» a large bract*leaf sheathing a spike or spadix. 

Species, all individuals of common ancestry and similar vegetative 
and floral characters ; the unit of classification, 

Spenuatoplasm, the male sexual plasma, 

Spermatozoidi ciliated male sexual cells of lower plants. 

Spike, an indefinite infioresoence with sessile flowers on a long rachls. 
Spine, a sharp-pointed body arising from or forming a part of a leaf. 
Spore, a reproductive cell >vhich is detached from the parent and 
develops a new individual separately. 

Sporangium, a spore-sac or spore-case, Sporangiophove, the stalk of 
a sporangium. 

Sporogonium, the spore-capsule of mosses. 

Sporophyte, that stage in the life cycle of a plant which bears spores ; 

also spore-bearing plants, as opposed to seed-bearing plants. 

SpUff a hollow sac-like part of flower used as a nectary. 

Stamen, the male organ of a flower producing the male spores called 
polkn. Siaminode, a sterile stamen, a filament without an^er. 
Standard, the upper large petal of a papilionaceous flower. 9 

Sicrigma, the tabular cell from which conidia are abstricted, found 
in fungi, • 

Stigma, that portion of a pistil which receives the pollen. 

Stipe, the gtalk-like suppott of the ovary Stipitate, having a stipe. 
Stipules, paired foliaceous appendage ot the leaf-base. 

Stolon, a short procumbent stem with buds rooting at short intervals 
and producing serial shoots. 

Stoma, an epidermal pore through which plants communicate with the 
air, bounded by two special cells called guard-cella which regulate 
the opening. |l 

Style, the stalk-like prolongation ot the ovary upon which is formed 
tbe rtigma. H 

Sttekar, branch shoot arising from a subterranean base 
Stiapaqaor, tbe row of cells pioduced by the fertilised ovum at the end 
^ which embryo arises. 
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Swarmspore,, motile, ciliated, naked asexon^^prodnotiTe cells of lower 
plants. 

Symbioiis, an association of two organisms living in intimate connec¬ 
tion, both contributing to their mutual advantage ; a life-partnership. 

Sympodial, having the axis formed of several branch axes. 

Syncarpous, (pistil) made up of two or more united carpels. 

Syncrgidae, two naked cells situated along with the egg-cell at the 
knioropylar end of the embryo-sac, and assisting in the passage of the 
male cell of the pollen-tube to the egg-cell, 

Syngencsious, Btamens with anthers united and filaments free. 

Tendril, a filamentous organ borne on the stem which is sensitive to 
contact and by means of which a plant climbs. 

Tentacle, an irritable hair or emergence of a leaf, with or without a 
glandular tip, which is highly sensitive to contact. 

Ternate, used uf compound leaves with three leaflets, one terouiial and 
two lateral. 

Testa, the integument of a seed, often arising from the outer of the two 
coats of the ovule. 

Tetradynamous, used of stamens when there are six of which four are 
longer than the other two. 

Thalamus, the floral receptacle bearing the floral members. 

Thallus, an undifferentiated vegetative botiy without showing any 
distinction of its parts as members. 

Thalloid, of the nature of a thallus. 

.JTitsur, an aggregate of oellB having the same origin, development, 
structure and function. 

Tomentose, covered with a dense outgrowth of woody bairs.^ 

Toruf, the thalamus of the flower; also the thickening on the mem¬ 
brane of cell-wall which bounds a bordered pit. 

Tracheidcs, elongated thick-walled lignified water-conducting cells of 
plants. 

Transpiration, the act of giving out aqueous vapour from the foliage 
of a plant. 

Truncate, appearing as if with the head or tip cut off. 

Tuber, aibickened subteiianean branch or stem with numerous small 

buds, o^ed eyes, on the surface. 

Tt^rde , a small tuber-like excrescence on the stem. 

Tunicated, having concent# coats or covering layers. 

Turgidity, Tnrgescence, the state of tension set up within a oell owio^ to 
endosmotfo pressure of the vacuolar sap upon the elastic cell«watl 

Umbel, an indeflnite infiorescenoe in whiob the flower stalks arise all 

31 
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from the same poiat. UmbelHform, like an umbel, 
Uaguicultttei olftwed ; like a claw ; said of petals, 

Unisexuali of one sex, oontaiaing either the male or the female organ. 
Urceolate) urn-shaped; i.e,, hollow and swollen but contracted near 
the mouth. 

Utricle, a small one-seeded fruit with a loose inflated bladdery penearp ; 

any raall bladder-like body. ’ 

Vacuole, the cayity inside the protoplasm oontaining the oell-sap, 
Valvate, in mstivation, the arrangement of the leaves in bud when 
they ]UBt touch each other by the margins but do not overlap. 

Valve, the pieces into which a capsule breaks up; the daps in a 
dehiscing anther. 

Valvular, opening by valves, said of dehiscence of fiuits. 

Vascular, pertaining to vessels or ducts. 

Vascular bundle, the long conducting tissues of plants carrying both 
raw and assimilated food matter. 

Veins, the strands of vascular bundles found in leaves. 

Venation, the arrangement or mode of distribution of veins in a leaf. 
Ventral, belonging to the inner face of an organ. 

Vernation, the arrangement of loaves in a bud. 

Versatile, said of an anther attached by a point at its middle to the 
filament, so as to be able to turn freely on all sides. 

Verdcillate, whorJed, said of leaves arising from the same node. 

Vessel, it rovr of long cells fused so that the transverse walls are 
absorbed so as to form a long continuous tube. • 

Villous, bearing long and soft hairs. 

Viscid, glutinous, sticky, often said of a ripe stigma. 

Whorl, arrangement of leaves arising in a circle round the stem or 
axis. 

Wing, a membranous expansion on the surface of fruits, seeds etc; 
also the lateral petals of a papilionaceous corolla on which the bee 
usually alights. 

Wood, the hard lignifled portion of the vascular portion of a plant. 
Xenogamy, pollination between flowers growing on different individu¬ 
als of the same species. 

Xylem, tbe woody portion of the vascular bundle. 

Zygomorphic, irregular flowers capable of division into two equal and 
similar halves along only one piano of symmetry. 

Zygospore, a spore formed by the union of two similar gametes. 

Zygoto, same as eygosporc, bometimes extended to include also tbe 
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NAMES OF PLANTS 

* 1 ' « I I 

mentioned in the Book ivith their Botanical and Veinacutar aynonyint. 

Th* mmio/ihf plants as mentioned 01 the book is given first in bold type; (boi) 
inScates iht Botanical name ; (b) Hmdustham, (b) (m) MarhUtU ((s) Gmratiy 

(bom) Bombay, Cb) Kanarese, (t) Tamil, (te) Telugu, and(s) Sanskri, 

Acacia,—See Bsbla. 

Aconite (e), Aconitum ferox (bot), Kat-bish (b), Baohnag (m), 
Vashanavi (t), Yashoabhi (k), shingadio Yachnag (gX 

Agave Americana (bob), The Ceutury plant (e). Balsas patta 
(d), Kantala (h), Mnrga or Filati Ananash (bom), Fitbakalabuntba 
(t), Kakasimatalu (te), Junglikunva (g), Bhuttale budukattalenari (k). 

Akanda (b), Calotropis Gigantea (bot), Madar (b), Arkam 
(m), Erukku (t), Yekka, yokkda (k), Jilledu, maudarama (te), 
Akado, akdamujhada (g). 

Alkooaky lota, See Cuscuta. 

Amada (b), Curcuma Amada (bot), the Mango-ginger (e), 
Am-huldi (h), Amba-halada (ra), Miamidi-allum (te), Kajura gauri 
(bom). 

Amra (b), Spondias mangifora (bot), Ambara (h), Amralak (s) 
Kuttuma (t), Hog-plum (e). 

Amherstia nobiiis, an imported plant now cultivated in the 
gardens for its beautiful bunch of flowers. 

Amrool-shak (b). Oxalis Corniculata (bot), ChukiTka, Amboli 
(h), Puli-Chuitaku (te), Puliyavi (t). The Indian Sorrel (e), Bbiu- 
sarpati (bom), Pullam puraebi sappu (k). 

Antirrhinum majus (bot), the Snap-dragon (e). 

Apang (b), Aohyranthes aspera (bot), Lal-jira, Chirchira (h), 
Apaiaarga (s), Aghada (bom), Apamargamu (te), Mayurivi (t), Kutri 
(g), Utrani (k). Prickly Chaff-flower (e). 

Aparajita (b), Clitoria ternatea (bot), Pintana (te), Kakka- 
namkodi (t), Kaiali, gokaran (bom), Ykhnu Karanti (h), Gokar- 
namuly Yishnu (k). 

Aroid or Arum,— See Kuchoo. 

Aaoka (b), Saraoa iudica (bot), Asogy (h), Aaogam (t), 
Ashunkur (k), Jassoondi, asoka (bom). 
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A«paxagu9<~ See Satamuli. 
Ata.->^e Custard-apple. 


Babla (b)i Aoacia arabiaoa (bot)> Babla (b), Nallatummai 
Tumma-chettu (te), Karu-Veylam (t), Babhul (m), Kall- 
kikar (dec). 

Bael (b), Aegle Marmelos (bot), Bilva (s), Bol Sriphal (h), 
Bil, Bila (m), Beli (t), Maredu, Vilva-pandu (te), Bila-patri (k). 

Bag'bhaienda (b), Jatropha Curous (bot), Jangli-arandi, 
safedind, (b), Aadivi amudamu, nepalam (te,) Eattamaiaaku (t), 
Yerand, jepal (bom), Magali-eranda (m). 

Baikul (c.p), Gymnosporia Montana (bot), Gaja-ohinni (c.p), 
Danti, hedda-chintu (te), Zekadi (bom), Talkar, Kharai (punj), 
Eakra (m), Eingari (h). 

Bakash (b), Adhatoda Vasica (bot) Arusha (b), Addasaram 
(te), Addtodai (t), Malabar nut (e), adulasa (bom). 

Bakphul (b), Sesbenia grandiflora (bot), Agasta (bom), Agati 
t), Avisi (te), Agase (k), Basna (h). 

Balsam (e), Impatiens Balsamina (bot), Dopaty (b), Gulmendi 
(h), Eundalu-Eola (s.i), Torada (bom). 

Bamboo (e), Bambusa (of several species) Bans (h&b). 

Banana (e), Musa paradisiaca (bot), Eala, (b), Eela (h), 
Monz, Eel (m), Vazbaip pazham, Valai (t), Arati, Eadalamu (te). 
Bale, Bale-uaru (k). 

Baia-pana (b). See Pana. 

Baibaty (b), Yigns catjang (bot), Hajamaeha (s), Lobiya, raish 
(h), Chowlai (m), Caramunny-pyre (t), Boberlu, alu-sundi (te) 
Alasandi, Tsda-gumy (k). 

Basil, —See Toolsy. 

Belphul (b), Jasminum Sarobac (bot), Mallika, Mugra (h), 
Mullippa (t), Mogri, (bom), Mullige (k). 

Bena (b), Andropogon muricatus (bot), Ehus-Ehus (b), 
Vettivser (t), Euruvseru (te), Usir (s), Vala (m). Vale (g), 
Lavancha (k). 

Berala (b), Sida cordifolia (bot), Eharati, Bariar (h), Chiokna 
(m), Chiribena, tettagurachettu (te). 

Berberia aaiatica or Berberis aristata (bot), Daruharidra (b), 
Darhold, rasvat, Eashmal (h). 

Betel plupt (e), Piper Betle (bot), Tambula (s), Pan (b,h,) 
vettilee (t), Tsnjal'pakoo (te), Nagavela (bom). 
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Bhoi CKampa (b)> Kaempferia rotunda (bot), Bbuoham 
pakamu (to). Kondakalava (t), Bhumichampak (s). 

Bhuban-bilasy lata (b) Bougainvillea spectabilis (bot). 

Bhela (b), Semecarpous anacardium (bot), Jeedivititulu (te)i 
Sbenkottai (t), the Marking-nut tree (e), Bhela (b), Bibba (bom)i 
Bhiamu (g). 

Bichuty (b), Fleuria interrupta (bot), Barhanta (h). 

Bija-Sal (b), Pterooarpoua marsupium (bot), Bija, peet-ebola 
(h), Bibla, buni (bom). Kandamiruga-mirattam (t), Gandutnmgana- 
nettura, peddagi (te). 

Brinjal (e), Solauum Melongena (bot), Begoon (b), Baigun (b), 
Wangi (dec), Kuthire kai (t), Venga-chiri-Vangu (te), Vange (boj»)fr 

Brownea Hybrida, an American plant introduced and cultiva- 
ed in our gardens. 

Bryophyllum (e), Bryophyllum oalycinum (bot), Pathur' 
kuchi (b), Kop-pata (b), Malaikali (t), Simaiamadu (te), Aldravan* 
Mabiravan (bom). 

Bullock's heart (e) Anona reticulata (bot), Nona, (b) Lonna, 
Bam-pbal (h), Rampbal, Eam-sita, Eamsitu-plam (t,te) 


Cajuput tree (e), Melaleuca leucadeiidron (bot), Kayaputi (h), 
Kijapute (t), Kayakuti (bom). 

Candy-tuft (e), Iberis (several species), a cultivated showy 
winter annual of the gardens. 

Canna (e), Caiina iridica (bot), Sarvajaya, Savjaya (h), 
Krishnatamara (t), the Indian shot (e), Kullvelei-mami (t), Devakeli, 
Kandali (m). 

Castor oil plant, See Ricinus. 

Cape Gooseberry, See Tepari. 

Carrot (c), Daucus carota (bot), Gajara (h&b), Maujal- 
mullangi (t), Pitakanda (te). 

Chal-kumra (b), Benincasa ceiifcra (bot), Petba, Gol-koddu (h), 
Kohala (m). Bhuru-kolu (g), Kohala (bom), Kalyana-pushinik- 
kay (t), Peridli-gumaddi-kaya (te), Tie white melon (e). 

Chalta (b), Dillenia indica (bot), Chilta (h), Mothe Karamala, 
Karambel (bom), tJva (t), Uva, pedda (te). 

Champak (b), Michelia Chamnaka (bot), Sampsgni-puvvu (te), 
Sharopahg (t), Sampagehuvon (k), Champa, Champaka, Swarna- 
Champa or Sona-chapha (b,h,m). 
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ClwndTa-maUika (b)> Chryaanthetnuio indicum (botX Otd* 
daoody (h), Chamimti (te). 

Chattim (b), Alstoiiia sohdlaris (bot)i Chatim,- Satwao, Satni 
(h), Aedakalaritohettu (te), Shampang, Wodrase (t), Janthala, 
Mudhol, (k). 

Chitra or Chitrika (b), Plumbago zeylanioa (bot), Agni'sikha, 
Chiti'aka (s), Venchitti (t); Tella ohitra (te)> Ohitrak (bom). 

China-badam, —See ground-nut 

Cbola (b), Cioer arietinum (bot), Channa (h), Senagalloo (te). 
Cbiok'Pea (e), Kadalai (t). 

Cinnamon (e), CiuDamonun aeylauicum (bot), Dalehini 
(b&b), Tarruwa (t), Sanalingu (te). 

Clematia, a garden climber. 

Cocoa-nut Palm (e), Cocos nucifera (bot), Narikel (b), 
Nariyel (h), Narel (g), Mahad (mb Tenna, tengr (t), Narikadam, 
tenkaia (te), Tengina (k). 

Cock’s Comb (e), Celosia cristata (bot), Morugphul (b), 
Mayufa-Sikha (s), Kokan, murghka (h), Kodi-juttu-tola-kura (te). 

Colocasia (bot),— See Kuchoo. 

Cored plant (e), Jatropha multifida (bot), a native of South 
America, cultivated and naturalised in Indian gardens. 

Crinum (bot).—See Sookhdarshan. 

Crotons (e), Codieum variegatum (bot), of whicb there are 
numerous varieties. 

Cucumber (e), Cucumis sativus (bot), Shasba (b), Kbira (h), 
Muhevchri (t), Dozakaia (te), Kakdi (m), Sante Kayi (k). 

Cuscuta (o), Cuscuta reflexa (bot), Alkooshy lata or Swarna- 
lata (b), Amarbeli (b), Poonaikkall (t), Dodder (e), Paniyanaku (te), 
Sitamma-popu-nulu, Akashwel (m). 

Custard apple (e), Anona squamosa (bot), Ata (b), Sharifa, 
Ata Sitaphal (h,g,m), Sita-palam, Sita-pazham (t), Sitapandu (te). 


Darukaridra (b).—See Berberis asiatioa. 

Da^ (e), Phoenix dactylifera (bot), Khajur, Kharjure, or 
Kbaijura in every province. 

Datura (e), Datura strauimonium (bot), Ummetta Dhaturamu 
(te), Umattai (t), Thorn-apple (e). 

Dhau (b), Woodfoidia floribunda (bot), Dhataki (s), Dhai, 
Dhaola, .iBantba (h), Dhamati, Dhooshi (bom), Serinji (te), 
Phukatti ;(Jk). 
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Dhenras (b), Hibiacoa escalentus (bot), Lady'i, finger (e), 
Bbindi, Ramtoroi (h), Bhenda (bom), vendack-kay, Vendi (t), Peu^, 
bendakaya (to). 

Dillenia (bot),—See Chalta. 

Dodder (e),—See Ouacuta. 

Devdaru (b), Polyalthia longifolia (bot), Aaok, Aaoka, Aanphal, 
Deradari, Deodar, in all the provinoea, Assothi (t). 

Doomooi (b), Ficua glomerata (bot). Qular Paroa (h), Umbar 
(bom), Umbara fm,g), Atti (t.te). 

Drono (b). Leonorua sibirioua (bot). Gamma (h), Enagutdmmi 
(to), Kamba (m). The Indian fig (e). 

Dundul (b), Luffa mgyptiaca (bot), Nuni-beerd (te), Ghiaturai 
(h), Ghoaali (bom), Turai (g). 

Ourba (b), Gynodon dactylon (bot). Creeping panic graaa (e), 
Duba (h), Darva (m), Arugarapilla (t), Ghericba (te). 


Gaj-pippul (b), Scindapsua officinalia (bot), BarPpipli 
(h), Enuga pippalu (t), Atti-tippli (t). Motto pipper (g), Thora 
J pimple (m). 

Gandharaj (b), Gardenia fiorida (bot). 

Ganja (b). Cannabis indica (bot), Ganjayi (te), Kanja (t), 
Indian hemp (e), Bhang (h,m), Ganja’ched (t), Ganiari Ohettu 
(te). 

Gaijan (b), Dipterocarpua turbinatua (bot), Guijan in all the 
provinces. 

Garlic (e),. Allium sativum (bot), Raann (b), Laaun (h), Vellulli 
(t,te), Bellulli (k). 

Genda,—See Marigold. 

Ghentu (b), Cleiodendron infoitunatum (bot), Bhant (h), Barangi 
(Punj), Bakauda (te). 

Ginger (e). Zingiber officinalis (bot), Ada (b), Adrak (h). Ale 
^m), Adu (g), Shakku-iriji (t), Sonti, allum (te). 

Glory-lily (e), Gloriosa superba (bot), Ulat cbandal or Biaha- 
languli (b), Carrihari (b), Agnisikha (te), Eartikka-Eiahanghu (teX 
Nagakaria (m). . , 

Gold-mohar (e), Cresalpinnia pulcherrima (bot), Ehrmbai- 
Chura (b). 

Gol-maru^ (b), Piper Nigrum (bot), Miryalu (te), Melagu (t), 
Black pepper (e), (^Imarich (h), kalamiri (bom), Eali*mariob (m), 



484 ELEMENTARY BOTANY 

Gourd [e], Cuourbita maxima [bot], Mitha Kadda [h]. Saphara 
Siomra [b]) Paihiaikkay [t], Gummadi kaya [tel. 

Grape [el. Vitis vinifera [bot], Angur [b.hj, Driksha param [t], 
MantrPparam [te], Orakaha-phalam [a]. Drakh [g]. 

Gtita-Kumari [b], Aloe [e], 

Groupd-nut [«], Arachis hypogea [bot], China Badam [b], 
Mung-phali [hi. Btmi-shing [bom], Bhui-Chana [g], Verkadlai [t], 
Venisauagalu fte]. 

Guava fell Psidium guava [bot], Amrut [h], Piyra [b], 
Seg»pu [t], Jama knia [te], Tambada-pera [bom], 

Gulancha [b], Tinospora cordifolia [bot], Gulvel [bom], 
Gulavela [m], Shindil kodi [t], Tippa-lige Guluchi [te]. 

Hanaraj [b], Hedyohium coronarium [bot]. 

Haana-hena [b], Oestrum nocturnum [bot]. 

Hatiaoor [b], Heliotropium indicum [bot], Hattajuri [hi, 
BhurUudi, [ml, Hathisundhani [g], NakkipoC, Tetkodduki [tj, 
Nagadanti [tej. 

Henna, See Menthi. 

Higli-badam [b], Anacardium [bot], Kaju [b], Jsdimamidi 
[te], Mundirikai [t], Cashwe-nut [e]. ^ 

Hingcha [b], Enhydra fluctuans [bot], Hurbuoh [h], Marah- 
borb [e], EJimloohika [s]. 

Hogla [b], Typha elepbantina [bot], The Elephant grass ,e,, 
Eraka [s], Pater Rambana [h], Rambana [m], Ghabajarin [g], 
Jammogaddi [te]. 

Hog-plum [e], Spondias mangifera [bot], Amrataka [e,, 
Ambodha [b], Amra [b], Katmaa [t], Aravimamadi [te], 
Jangli-am [bom]. 

Haldi [h]. Curcuma longa [bot], Halud [b], Pasupa [te], 
Manjal [t]. Turmeric [e], Halede [m], Halada [g]. 

Hul-Kusha [b], Leuoaa aspera [bot], Chotapalhusa [hi, 
Tamba (bom), Tumbai obedi [t], Tainma-ohettu [te . 

Hurhuriya [b], Gynandropsis pontaphyl a (bot), Janglr 
hurhur (h), Velakura, vaminta (te), Nayvseli (t) Tilavana (m), 
Arkapushpika (s). 

India^Bemp,—See Ganja. 

Indiau Soap-nut (e), Sapindus trifoliatus (bot), Ritha (b,h), 
Ariihta (t), aritbe (g), Punnango (t), Kukudu (te). 
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Indigo (e), Indigofera tinctoria (bofc), Nil (h,b), Av«ri (t), 
Neclie (te), Nilguli (bom). 

A • 

Jack-fruit (e). ArtooarpouB integrifolia (bot), Katiahar (b), 
Panasha (te), Phanas (m, bom), Pilapazhaod (t). 

Jam(b), Jamoon(h), Eugeoiajambolana (bot), Naval (t). The 
Black plum (e,) Kala'Jam (b), Nasoda (te), Jambul (bom), 
Jambura (g). 

Jamrul (b), Eugenia malaocensifl (bot). 

jBTul (b), Lageistiuemia flosTegina (bot), Taman (bom), Mota 
bon (m), kadali (t), Chennangi (te). 

Jasmines, — See Jui. 

Java (b), Hibiscus rosa-sinensis (bot), The shoe flower (e)» 
Jaustnuphul (g), Jasutid (h), Shappathuppu (t), Javapushpamu (te), 

Jasvan (m). * 

Jayphal (b,h.), Croton Tiglium (bot), Nutmeg (e), Jamalgota 
(b,m)i Napal (p), Nervalam (t), Nepalavitna (te). * 

Jhinga ( b), Luffa acutangula (bot), Torui (h,) Peekunkai (t), 
Beerkai (te), Shirola (m,) Turia (g"). 

J Kumkolota,—see Passion flower, 
ujube,— See Kool. 

Jui, (b), Jasroinum Sambac (bot), Juthi, Juthika, Am- 
busta (s), 

Kabra (h), Capparis spinosa (bot), Kabra, Ber, in many 
provinces; Kabar (bom). 

Kucboo (b), Colocasia antiquorum (bot), Aroids (e), Arvi (h), 
Chama kuru (te). Shima-ikilangu (t), Kasalu (m). 

Kadamba (b,b), Anthocepbalous kadamba (bot),. kadamba 
(m,b,b,bom), vellai kadamba (t), Eudraksha-kamba (te). 

iCalkashinda or kasonda (b), Cassia oocideotfdis (bot), 
kasunda (h), Kasinda (te), Pmyavirai (t), Hikal (bom), K-usundro 
(guz). 

f, Kala Jam,—See Jam. 

Kala-Jira (b). Nigella Bativa.(bot). 

Kalmegh (b), Androgi'aphis paniculata (botX Kiryat, Mah^a 
(h), Bhunimba (s), Olenkirayat (m), Kariyatu (g), Nilavembu 
(t,te). 

Kanchan (b), Bauhinia acuminata, B. tomentoea (bot), 
Eanchnar (h). Kanohani (t,te), Apta (m), Asundro (g). 

31(a) 
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KAlodii-SKak (b), Ipomoea reptaHsi I. aquatica (bot), Karenbu 
^h), Nari (Punj), N^ichi baji (bom)i Koilangu (t)i Tuti* 
kura (to). 

Kanak-Champa (h), Ptoroeparum acerifolium (bot)i Mooch 
ktioda. Karaikara (s), Matsakauda (te). 

Kanchira (b), CoiomeliDa benghalensis (bot). kanuraka (h). 

Kanta Nzitya (b), Amarantus spinoans (bot), Kantamiris, Lal- 
Bhag(h), Mulbk-kirai (t), Nullu-tota keora (te). 

Kanidval (b)—See Jack-fruit. 

Kantali CKampa (b), Artabotrya odoratiasima ihok). 

Kantikary (b)> Solatium xantbocarpum (bot)> Elantnli (b), 
Nela'Mulka (te), Kandankattiri (t), Kuda (te) Bburiogni (bbm), 
Van-Nellagulla (k). 

Karavy (b), Nerium odorum (bot), Kaner, Kanoity (b), Ganneru 
(te), Eanaveerum (t). 

Karamcha (b), Cariaea Carandaa (bot), Kantakreji, Karoda (b), 
Kanugobettu (te), Kanhera (bom), Hoyamara (m). 

Katela (b), Momordica Cbarautia (bot), Uobay (b), kakarcbettu 
(te), Povakki (t), Karla (bom). 

Kath-Beel (b), Feronia Elephantum (bot), Wood-apple (e), 
Kapitba (s), Kat-Bel, Kawat, (m), Kotha (g), Vallanga, Kavit, (t), 
Belada (k), Viliam (mad). 

Kea or Ketuky (bl, Pandanus odoratissimus (bot), Eebra, 
Eetgi (b), Mogalaiobettu (te), Talamchedi (t), Screw Pioe (e), 
Kenda (bom), Keoda (m), Kewoda (g). 

Kham aloo (b), Dioscorea alata (bot). 

Khirui (b). Euphorbia tbymifolia (bot), Dudbi (b), 
Patoba-arise (t), Biduru-naua-biyyam (te), Nayeti (bom), Matbi- 
dudbi (m). 

Khurbooj (b), Cucumis Melo (bot). Musk melon (e), kburbuz 
(b), Mulam or Velapandu (t), Chibunda (m), Vellari-verai, 
Velapatam (te). 

Kool (b), ZizypbuB Jujube (bot), Ber, Bayer (h), Jujube 
(e), Badari (s), Eeugha, Regi, Rega-panda (te), Yellande (t), 
Yelcbi (k). ! 

Koo^ or Kaah (b), Foa cynosuroides (bot), Duv (h), 
Durva (s). 

Koonch (b), Abrus precatorious (bot), Gunja (s), Rutti, 
Gumchi (h), Guriieoza (te), Gundumani (t), Gumchi (g). 

Kokaluin (b), Vernonia cinerea (bot), Sabadevi (s), Sira* 
shengalanir (t)> Moti Sadori (bom). 
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Knahna-CKura (h), Caeaalpinnia paifibarrima (bot), Satna- 
gaadijk). 

Ivri^na'kali (b), Mirabilia Jalapa (bot), Four o’clock plant (e)i- 
Sand^ (b). Chaudra-kantha (te). 

Kuchila or Nirmali (b), Stryohnos Nox*voiaioa (botX The 
strychnine plant. Euklah (dec), Ettikkottai (t), MushtiTittala (te), 
Kanni-rak-kuru (s. i.) Kajra (bom). 

Kulia khara (b), Hygrophila spinosa (bot), Gk)ksfaura, 
Talmakhana (h), Nirguri-veru, Neerugobbi (te), Neoramulli 
(t), Talima*khana, Kolasunda (m), Gokhuru (g), Ealavan 
Kabija (k). 

iCuahum (b), Cartbamus tinctorius (bot), Safflower (e), Barre, 
Kar (u.p). Kusfaumbba, Kurdai (bom), Sendugram (t), Agnisikba 
(te). 


Lal-bbaienda (b), Jatropha gossypifol^, J. glandulifera (bot), 
Jniigli-eranda (h), Addalay (t), Nela- amida (te), Totla-gida (k). 

Lajjabatty lota (b). Mimoka pudioa (bot), Lajala (h), 
Murugadu-maramu (te), Thottalpadi (t). The Sensitive plant 
(e), Lajri (m). 

Lalpata (b), FiUphorbia pulcherrima (bot). 

Latkan (b) Bixa Orellana (bot), Eisri, Eesari, Shendri (m, 
(bom), Jupharachettu, Jafra-vitullu-chetty, (te), Jaframaram (t), 
Gowpurgee (h). 

Latapbatki,—See Naphatki. 

Lau J^). I^agenaria vulgaris (bot), Alabu (s), Shora-kai (t), 
Anapa'kai(te), Hunea-kuddu (dec). 

Lavanga (b), Eugenia caryophyllaea (bot). 

Lemon (e), Citrus Limonum (bot), Jambii'a (h), Gora Nebu 
(b), Meta or Motu limbu (g), Thorla-limbu (m), Periya-elumicbam- 
pazam (t), Pedda-nimraa-pandu (t), 

Litchi (e), Nephelium Litcbi (bot), Lichu, Nichoo (b), 
I Liohee (h). 

Lotus (b) Nelumbium spocioaum (bot), Eamal, Padma, Uptal 
(s), Eanwal (h), Tavarigadde (k), Tamarai, ambal (t), Erra-tamam 
veru (te), 

Lunka (b), Capsicum frutesoens (bot), Lal-marich (h), Mira- 
pakaya (te), Malagbay (t), Bed cayenne pepper (e), Mircbi 
Menasbina kayi (k), 
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Madkabilata (b)i Hiptage Madablota (bot), Madbeolata (h). 
Madhabi <«), Madhuraalati (m), Madbavi tigo, Vadla yarala, potu- 
vadla (to). 

Makal (b}i Trichosauthcs palmata (bot)i Lal'indrayaHt 
(h), Kaandal (bom), Koratti, Shavari-pazham (to), Avvaguda* 
pandu (te). 

Makhan shim (b), Can.ivalia ensiformis (bot). 

Mallika (b),—See Bel. 

Mati'kachoo (b), Alocasia iudica (bot), Mankundu (h), Manaka 
(b), Alu (m). 

Mango (e), Mangifera Indica (bot), Amra (s), Am, manga 
marara, mas, mangas (t), Makandamu (to), Ambanujhada (g). 

Manaa, Mansa si) (b), Euphorbia lierifolia (bot), Jhohar (h), 
Aku.iimudu (te), Yale kalli (k), Nivadaiiga (m), Sehunda (s). 

Marigold (e), Tagetes patula (bot), Genda (b). 

Marsilia, —See Shoosny-Shak. 

Mash'kalai (b), Phaseolus mungo var. radiatus (bot) Urid 
(h), Udid (m), Adad, Arad (g), Patchaypyre (t), Mirm-mulu, 
patsapetsalu (te), Hasam (k). 

Masur (b), Lons esculents (bot). 

Melon (e), Citrullus vulgaris (bot), Tarbuj (h), Turmooj (b), 
Pitoha-pullam (t). 

Menthi (h b) Lawsoriia innermis {var. alba) (bot) Moruthonri 
(t), Kuravarou (te). Henna (e), Maruionri, Aivsnam (t), 
Gunuta-chettoo (te). 

Mina lobata,—a small cultivated twining herb. 

Mooch'kunda,—See Kanakcharapa. 

Moog (b), Phaseolus mungo (bot), Mung (h). Mug, Mag (bom), 
Puchapayru (t), Wuthulu patcha-pessra (te), Hesaru-bela (k). 

Moon-flower (e), Ipomoea iiona-nux (t)ot), Ital-kalmi, Dudi.va- 
kulra!, Kalmilata (b.h.) Gulchandni (bom), Naga-mugbatei (t), 
Nagara-mukutty Kai (te), Chandrakant, Ban-bauri (h). 

Moola (h), liapbaims sativus (bot), Murai (h), Mullungi (te,t), 
Radish (e). 

Mukta-jhuri (b), Acalypha indica (bot). Swet basanta (b), i 
Kuppi, Khokali (h), Khokh (m), Vai»chi kanto (g), Kuppaimeni (t), 
Euppai-chetta (te), Cbalmari (k). 

Mulberry (e),—See Toont. 

Munjeet (b) Rubia cordifolia (bot) Tamravslli (te), 
Manchilta (t). The Indian madder (e), well-known as the Manjit 
OP Munjeestba. 




APPENDIX 



Mtuoox-ckana (b), Latliyriu Apb^aa (bot),' Jungii uaatar, 
Masar'chana (b>h). 

Mustard (e), Biassica juncaa (bot). Sarisa (b). Sarson, Bai 
(h), Sasiva (o), Kaduka (Mai.), Kadugu (t), Avalu (te), 
Sharswapa (s). 


Nag-phani (b),~See Phani-mahsa. 

Nasturtium (e), Tropaeolum nia.ius (bot), a common small 
garden annual. 

Naphatki (b), Gardiospermura Halicacabum (bot), Jyotisbmati 

(s) , Latapbatky, Sibjhul (b). Karolio (g). Kauphati, Napbat (bom), 
Muda-oottan (t), Wallagulisienda, Kaiiakaia (te). 

Natiya-shag (b). Aroarantus blitnm t)ar. oleracea (bot), Cfaobrai 
(h), Mullukiroi (t), Kontomat (te). 

Naravelia zeylanica (bot), Chagalbati (b), Muroha. 

Nayantara (b)> Vinca rosea (bot), Sadapul (m), Billaga* 
neru (te), Sadamallige, Kempu Kasiganagilu (fc). The ' Rose 
Periwinkle ; a west Indian plant now cultivated in Indian 
gardens. 

Neem (b.h), Melia Azadirachta (bot), Vepa (te). Vempu (t). 
The Neem or Margosa tree. 

Nerium odorum, - See Karavy. 

Nishinda (b), Vitex negando (bot), Sambhalu, Nirghundi 
(h), Tellavavilli, Siddhuvarumu (te), Noch-chi, Chinduvaram 

(t) , Nirgundi (s), Katri (bom), Lingoor (m), ' The Chaste 

Tree (e). 

Nooni'shak (b), Portulaca oleracea (bot), Looni-sfaak (b), 
Ehursa, Kurfa, rauncba, munya (h), Lunia, Lonak (g), Parpokire, 
parupu (t), pavili-kura (te). 

Nul-iota (b), Thunbergia grandiflora (bot), MeeMota ,(h) i a 
beautiful fence'climber with large blue flowers. 


Okra (b), Urena lobata (bot), Bona-venda, Ran-tupkada, wagdan 
bhendi (m), Villiak (k). 

01 (b,h), Amorphophallus campantalatus (bot), Jangli-suran, 
Zamin'kand (h), Suran (m), Karu-nark-kizhangu or Karuna- 
kalaug (t), Kanda-godda, poti konda (te). 

Onion (e),—Allium Oepa (Iwt), Piyaz (h), Dungari (g), 
Kanda (m), Vella Vengazam (t), Niruli (te). 

31(a) 
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Opuntia Dillenii,— See Phani Mansa. 
Oxalie (e). —See Amrool-shak, 


Palaa (b.h), Butea frondosa (bot), Muttuga-thoraa or-mara 
(k), Palasham (t), The Bastard Teak, The Forest flame (e), Dhak, 
Faras, Kaiikeri, Chichra (h), Chiula, puroha (bom), Khakar, paras 

(m.g), Mod’aga, mohatu, paladulu (te). x \ , 

Pan (b), Piper Betle (bot), Nagavclla (bom), Vettilffi (t), Betel 

leaf pepper (e), TamaPpakoo (te), Pan (generally). 

Pana (b), Pistia Stratiotes (bot), JaPkumbhi (h), Antari- 
tamara (te), Agasa-tamara (t), Prashni, Goiidala (m), the Wester- 

lettuce (e). , / \ 

Pani-amla (b). Flacourtia cataphracta (bot), Paiiiyala (b), 

Talispatri (h,t, te), Jaggam, .lairgama. Tamban (bom). 

Pani-maricK (b), Polygonum serrulatum (bot). 

Pani-phal (b). Trapa bispinosa (bot), Singhara (h,t), Sringa- 
taka (s), The Water Chest-nut (e). Parigadda (te). Shingoda (g), 

Shingada (m). / s -r. 

Papaya (e), Caiica papaya ' (bot;, Papita (hj, Boppayi 

(te), The Tree Papaw (e). Peraiigi (k), Papia (g), Pappayi or 
pappali (t). 

Parijat, Palita madar (b), Erythrina indica (bot), Indian 
coral tre6 (e), Pangra, panjira (h), Muruka-marum (t), Modugu 
(te), pangara (m). 

Parul (b), Storeospermum suaveolens (bot), Paral, parur (h), 
Patali (s), Padal, pahad (bora), Padri (t), pafcali (te), Kalagori 
(m), Pandri (c.p.). 

Passion flower (e), Passiflora fcntida (bot), Jhumko-lata 
(b), the wild species: the garden species is Passiflora palmata 
which has large flowers with a beautiful fringe of corona inside 


the petals. 

Pathur-kuchi (b),—See Bryopbyllum. 

Patol (b), Trichosanthes dioica (bot), Palwal (h,h), Adavi- 
potla (to), Peyu-padal (t). Snake gourd (e). 

Pea (e), Pisum sativum (bot), Kabli Matar (b), Patani (t), 
Gunducanagalu (te), Batani (k). 

Phanfmansa (b), Opuntia Dillenii (bot,) Nagphana (h,b), 
Nagatali (t), the Prickly Pear (e), Naga-mulla (te), Naga-dali (t), 
Chappal'^nd (dec). . . \ 

PinO-appic (e), Ananassa sativa (bot), Anaras (b), 
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Pipul (b), Piper longum (bot), Pippali-kattee or-chittee (te), 
Pippili (t), Long peeper (o). 

Piatia (e),—See Pana. 

Podina (h,b,t, te), Mentha arvonaie (bot), The Marsh 
Mint (e). 

Portulaca, (e),—See Nooni-shak. 

Pumpkin (e) Cucurbita pepo (bot), Kumra (b), Kalyanpucuni 
(t), Bubi-bumbala (k). 


Rajanigandha (b), Polyanthes tubcrosa (bot), Gool* 
shubbo (h). 

Rangan (b), Ixora cocciiiea (bot), Loha Jhangia (h), Panku 
(m), Bakora, abuli (bom), Patali (s), Cetti (t), Kepala 
Kisgara (k), 

Rasna (b,ni,g), Vanda Eoxburghii (bot), Nai (b), Vanda (b), 
Vcddi (t), Kaiiapa-che^tu badaiiike, neardan (te). i 

Red-pepper—(e). See Luiika. 

Red Santal-wood (e), Pterocarpus Santalinus (bot), Eakta- 
ohandan (s), lal-chai.dan (h,b), Krragandha-puchekka (te), Shen*. 

shandanuum (t), Kempu gandha (k). 

Reta or Reetha (b), Sotnecarpua Annoardium (bot). The 
Marking nut tree (e), Bhola (h,b), Bhilavan (dec), Sheukottai (t), 
Tidi-vittuln (to), Bibba (bora). 

Ricinus communis (bot), the Caator-oil plant (o), Kndi 
(h), Eerhi, Lrarida (b,s), Amanakkii (t), Amudala (to), Haralu, 
Andla (k). ^ 

• . 

Sajina, Shajna (b,b), Moringa pterygoaporma (bot), Muriaga, 

(te), Mnrangai (t), Horse-radish tree (e), Munga-cha (m). 

Sakatkand aloo (b), Iporaoea Batatas (bot), The Sweet 
potato (e), Ranga alu (b), Vullii-kiz-hangu (t), Chelagada (t), 
Sakaria (g). 

Sal, Shal (b,b), Shorea robusta (bot), Aawakarna (s), 
Epachettu (to), Kungitiufti (t). . 

Saptapaini (s), Aistonia scholaris (bot), Chattim (b), Satni, 
Chattni (h), Ezhilaippalai, Wodrase (t), Edakula-pala, palagaruda, 
(te), Kodale, Madale, Kadusale (k). 

Satamuli (b), Asparagus racemosus (bot), Sadabori, Shadavarr? 
(t,te), Shakakul (h), Satawar, Satavari (g,tn). ; 

Screw pine—Sec Keluky. '• 
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Sensitive plant,—Sea Lnjiahaty lota. 

Sxalook (b), (red and white), Nympbeea lx)tu8 (hot), Kambal 

(g) , Nilofar (h), Allikada alli-tamara (te), Vellumbai Ambal. (t), 

Water-lily (e), Kanval, Kamal (g, m). 

Sheakool (b), Zizyphua Oenoplia, (bot), Shrigal-koli («). 

Ghainthi or goithi (m). 

Shealkanta (b), Argemone mexicana (bot), Pila Dhatura 

(h) , Brahma-dandi (s.te). Kudeyoethi (t), Feringi-dhutra (m), 
Brahmadanti (mal). 

Shephalika (b), Nyctanthes Arbor-tristes (bot), Seuli (b), Har- 
singhar (h), Pagadatnalle (te), Manjapu-meru (t), Night Jasmine , 
(e), Partak (bom). 

Shimul (b) Bombax malabarioum (bot), Silk-cotton tree (e), 
Shimal (h), Mundla-baraga-chettu (te). Pula, mulilaum (t). 

Shola (b). Aeschynomene aepera (bot). 

Skoosny-shak (b), Marsilia quadrifoliota (bot), Chick-litsi 
kura (te), 

%un (b), Crotolaria juncea (bot), San, Son (a,h) Jenapa- 
nara (te), Saiiabu, (k), JanaVka-nar (bom). 

Shwet Sarisa (b), Brassica alba (bot), Suffed-rai (h) Sidharatha 
(b) White mustard (e). 

Sisoo (b), Dalbergia Sissoo (bot). Sbingshapa (s), Sisma, Sisu 
(h), Nukku-kattai, Zetta (t), Sissukarra (te). 

Soondaii (b). Cassia P’istula (bot). The Indian Laburnum, (e), 
Sonhali (h), Raelachettu, iteylu, Suvarnam, (te), Kouraib-kay, 
Kone (t), Kakee (k) Bahaya, baya (m), Garmal, Sarmal (g). 

Sthal'padma (b), Hibiscus mutabilis (bot), Pudmacharinee (s), 
Hinaparchi (h). The Changeable Rose (e). 

Sukhdarshan (b), Crinum a.siaticum (bcft), Chindar, kanwal, 
pandar, (b), Kesarichetta (to), Nagdamani (g), Nagdavana (m), 
Visha-mungali (t). 

Sun-Bower (e), Helianthus atimius (bot), Surjamukhi (b,h), 
Sui:ia-kanti (t,te), Hottutirugana (k). 

Swatnalata (b). See Cuscuta. 


Tal (b), Borassujs flabelliformis (bot), Tal, tad (h). Tali (s,k), 
Paiiai (t), Tati (te). 

Tamarind (b), Tarnarindus indlja (bot), Tintiri, Amlika (s), 
Amli, Imli (h), Tentul (b), Amli, Chintaz (bom), Poolie (t), Cbinta- 
Chettu (te), Karangi (k). 
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Teak (e), Teotona grandis (hot), Shagoon (b). Saka (a), Sagun 
(h), Tekku, Tek (t), Sagwan, ^ (bom), Teginamara, Saguvaui-oiara 
(k), Teku (te). 

Tej-pata (e), Lauras malabaricum (bot), Jhal-patra, Talwpatra, 
Tetipatra (s). 

Telakucha (b), Cepbalandra indica (bot), Vimba (s), Tod^ or 
Bimbi (bom), Karai (t), Bhimb, Kandmi-ka-bel (h), Toiide Balli (k^ 

Gbobe, Qluru, Galedu (g). . . 

Tepari (b), Pbysalis peraviana (bot), The Cape gooseberry (e), 

Bondula (k), Mottampuli (t,te). 

Thulkury (b), Hydrocotylo asiatica (bot), Vallarei (t), M^duka' 
brummi, Balmssa (te). Brahman manduki, Khula-kudi (h), Brahnu, 
Earringa (bom), Vjlarai (dec), Von-deloga (k). 

Til (b), Sesamum indicum (bot), Mithai til, Krishaa*ti| (b)> 
Wal-lenney, Yelloocheddi (t), Mancbinune nuvulu (te), Bank til 

(<I®c). / \ -r 1 

, Tobacco (e), Nicotiana tabacum (bot), Tamaku (h), Tamak 
(b), Tamrakuta (s), Tamaku (dec), Pugai-ilai (t), ^osjku, 
Dburmarapatramu (te), Higose^lpu (k), Tamakan, tombaknu 

(bom). 

Tomato (e), Lycopersicum escalentum (bot), Belati Begoon 

. ( \ -u- \ 

Toolsy (b), Ocimum Sanctum (bot), The Sacred Basil fe), riala 
tulsi, Tul8i'b.aranda (h), Tulasi (bom), Tulasa (m), Talasi (g), 
Tulasi, Alangai, Pirundam (t), Tulashi, Krishna Tulasi, Gaggera- 

chettu (te), Tulasi gida (k). . . / \ t 

Toona (b), Cedrcla Toona (bot), Tooni, Naudibrikha (s), Lun, 
Mahanira, Mahalimbo, Tunkajhar (h), Deodari. Kuruk (m), Tuinr 
raaram, Mali, Wunjuli (tl, Nandichettu, Nandi (te), Kempu- 

garidagheri, Tunda, Devdari (k). _ 

Toont (b), Morus indica (hot), Tut, Tutri, Toontrishaul (h), 
Kambali-buchi, Cambalichettu (fee), Kambili-puch, Musokottayacheri 
4 (t), Mulbeny (e), Tutri, Ambor, Setur, Tula ambor (bom), Tul (m), 
^Shetur (g), Hippal'verali (k). 

^ Topcbini (b), Smilax Chinensis (bot), Shukchini (h), Pirangr 
chekka (te), Paringay (t). 

Torenia (bot), Torenia asiatica (?), Kapuka (in Southern 

India). , / \ 

Torulata (b), Quamoclit Pinnata (bot), Earn lata (h). 

Triair-Mansa (b). Euphorbia Anliquorum (bot), Bajbarati, 
Tridhar-gheud (h),,Vajrakantaka (s), Narasija (m), Tandharishend 
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(g), Sbadhui nk-kalli, Tiri-kftlli (t), Boiiima Jemuda Boiita Chemuda 
(te), Mudu, Mula-Jemuda (k). 


Ulat Chandal (b)i—See Glory-lily 


Vanda —See Rasiia. 

Vallisneiiai Vallisueria spiralis (bot), Jhaiiji, Syala (h). 


Water Chestnut (e) —See Paiiiphal. 

Water-hyacinth (e), Kichornia crasaipes (bot). 

Water lily—See Shalook. 

Water Melon (e), Citiullua Vulgaris (bot), Tuibvij (h), 
Tarmu.i (b), Tarbuz, Kaliugad, Kaliiigam (bom), PiUba Pullam (t). 
Wheat (c), Triticum vulgare (bot). 

Wood-apple—See Kath-Bsel. 


Zinnia— Zinnia Elegans (bot), a common garden aiinual. 
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Abrus 366 
Abaoiss layer 252 
Absorption of food 273 
Aoanthaceae 378 
Acacia 61, 356 
Aoaulesoent 31 
Aocreacent 105 
Acioular leaves 56 
Aobene 144 
Achlamydeous, 104 
Achyranthes 381 
Aotinomorphic 100 
Acuminate 56 
Acute 56 
Acyclic 99 
Adaptation 437 
Adhatoda 79 
Adiantum 405 
Adnate stipules 60 
Adventitious buds, 44 
—root 19 
Aegh 40 
Aerial root 25 
Aerenchyma 213 
Aestivation 68, 108 
Agave 29 

Aggregate fruits 160 
Ala 446 

Albumen 154, 197 
Alburnum 245 
Aleurone grains 197 
Alge 4, 423 
Alocasia 32 
Allogamy 127 
Alttonia 74 
Alternate 71 

Alternation of generations 
Amarantaoee 379 

32 


Amaranttu 19, 379 
Amaryllidaoeae 392 
Amides 298 
AmorphophaUus 34 
Arillus or aril 163 
Amphibious 438 
Amphitropous 121 
Amplezicaul 66 
Amylose 197 
Anaerobic 309 
Anabolism 309 
Anatomy 3 
Anatropous ovule 121 
Andrmcium 93, 110 
Androphore 103 
'Andropogon 391 
Anemophilous 122 
Angiosperms 333 
Angular divergence 73 
Anisomerous 101 
Anisostemonous 111 
Anonaoese 3 
Anona 360 
Annuals 29 
Annual rings 244 
Annular vessels 214 
Annulus 406 
• Anther 93, 112 
Antheridium 407 
Anthocephalous 88, 366 
Anthophore 103 
Anthophylls 67 
Antipodal cell 319 
Apetalm 334 
Apical cell 207 
Aphyllous plant 446 
411 Aplanogamete 422 
Apocarpous 116 
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Aquatio roots 24 
Arachis 14 2 
Araucetria 400 
Arohegonia 407 
Arohegoniate® 407 
Arohioarp 432 
Areca 396 

Argemone 19, 67, 343 
Aftabotrys 39, 350 

Artocarpous 383 
Asoidia 302 
Ascus 432 

Asexual reproduction 316 
Ascent of water 285 
Asclepiadacae 373 
Asparagus 24-42 
Aspidium 403 
Assimilation 289 
Asymmetrical 100 

Atropine 374 
Atropous 120 
Attaching root 27 
Auriculate 56 
Autogamy 127 
Autonomous movement 321 
Autophytes 300 
Awn 389 

Axile placentation 118 
Azygospore 431 
Baoterioids 301 
Banyan 21 
Bark 260 

Pftffn.1 placentation 118 
Basidia 436 
Basidiospore 436 
Bast 223 
Bauhinia 366 
Bee-flowers 126 
Berber i$ 67 
Berry 147 
Bienuiala 9^3, 29 


Bifoliate 62 
Bilabiate 106 
Bisexual 110 
Biter Date 63 
Bisa 143 
Bcerhaavia 22 
Bombas 346 
Bora$sus 396 
Bordered pits 180 
Bougainvillea 39, 81 
Bract 79 
Bracteole 78 
Branching 44 
Brassica 3 40 
Bristles 266 
Bryophyllum 44 
Bryophyta 416 
Bud 42 

—adventitious 44 
—axillary 44 
—dormant 44 
—naked 44 
—scaly 44 
—terminal 43 
Budding 433 
Bulbils 317 
Bulb 33 
—tunicatod 34 
—scaly 34 

Bundles, vascular 217 
—bicollateral 266 

— collateral 264 
—concentric 256 
—course of 262 

— caulioe 262 
—foliar 264 

—leaf-trace 252 

— open 227 
—radial 232 
Butea frondosa 366 
Cagtus 66 
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Caducous 165 
Cesnantbium 88 
Ceenocyte 427 
CgesalpinesB 356 
Callus 214 
Calotropis 116 
CalycifiorsB 338 
Calyptra 209 
Calyptrogen 209 
Calyx 92, 104 
Cambium 211, 22r), 
Campaiiulate 107, 
Campylotropous 121 
CannabinacesB 382 
Cannahis 151, 382 
Cannaceas 394 
Capitulum 86, 368 
Capsicum 372 
Capsule 143 
Carbohydrate 193 
Carbon-assimilation 291 
Cardiospermum 39, 351 
Carnivorous plant 301 
Carpel 94, 114 
Carpogoniura 432 
Carpophore 146 
Varissa 40, 87 
Carthamus 86, 370 
Carunculas 154 
Caryophyllaceous 107 
Caryopsia 144, 387 
Varyota’iSdl 
Cassia 60, 366 
Catabolism 309 
Cataphylls 67 
Catkin 84 
Caudex 35 
Cedrella 152 
Cell, the 163 
Cell-division 204 
Cell-plate 206 
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Cell-sap 168 
Cell-wall 164. 178 
Cell-contents 193 
Cellular plants 332 
Cellulose 182 
Cehsia 380 
Centripetal 86 
Cephalandra 364 
Chalaza 120 
Chasmogamous 135 
Chemotactic movement 326 
Chemotaxis 325 
Chemotropism 324 
Chitin 183, 427 
Cblorenohyma 212 
Chloris 391 
Chlorophyceee 423 
Chlorophyll 174, 296 
Chloroplasts 174 
Chromatin 173 
Chromatophores 167, 174 
Chromoplasts 174 
Chromosomes 205 
Cicer 355 
Cilia 167 
Cinchona 366 
Circinnate 68 
Circulation 172 
Circumnutation 322 
Circumscissile 141 
Cirrhiferously pinnate 61 
Citrullus 364 
Cladodes 42 • 

Classification 331 
Cleistogamous 135 
Clerodendron 132, 379 
Climbing roots 26 
Climbing plants 37 
Cliioria 39, 354 
Coccoloba 42 
Cocos 396 
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Cpffta S66 

Collective fruit 139, 160 
Collenohyina, 188, 212 
Colloids 278 
Colocasia 80 
Columella 430 
Coma 164 
Commelina 136 
Comose 164 
Companion cells 221 
Compositee 366 
Compound leaf 69 
Conduction of vrater 281 
Conduplicate, 68 
Cone 399 
Conical root, 22 
Conidia 432 
Conidiophore 432 
ConifersB 400 
Conjugation 426 
Connective 111 
Contoi'ted 109 
Convolute 109 
Convolvulacem 374 
Cordate 66 
Cork 248 

Cork-parenchyma 213 
Corm 34 
Cormophyta 4 
Corolla 92, 106 
Corona 107 
Cortex 226 
Cortical po^s 261 
Corymb 84 
Corypha 84 
Cotyledons 67 
Cremooarp 146 
Crenate 67 
Crinum 34 

Cross-pollination 127, 129 
Crotolaria 366 


Crucifers 340 
Cruciform 107 
Crumpled 68 
Cryptogamia 331 
Crystalloids 197, 279 
Cucumis 362 
Cucurbita 364 
Cucurbitaoess 361 
Culm 34 
Cuneate, 66 
Curcuma 394 
Guscuta 26, 304 
Cuspidate 66 
Cuticle 216 
Cutin 182 
Cyclic 99 
Cymose 46, 87 
Cyperaces 391 
Cypsela 144 
Cystolith 200 
Cytoplasm 167 
Dalbergia 366 
Darlingtonia 302 
Datura 373 
Daturin 374 
Decandrous 110 
Deciduous 49, 105 
Decompound 61 
Decurrent 66 
Decussate 74 
Dehiscence 140, 169 
Dentate 67 
Dermatogen 208 
Vesniid 423 
Dextrorse 39 
Diadelphous 111 
Diandrous 110 
Diarch 233 
Dichasium 89 
Dichlamydeous 103 
Dichotomous 46 
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Dichotomous 45 
Diclioy 129 
Dicotyledons 9, 334 
Didynamous 111 
Digitate leaf 62 
Digitately pinnate 61 
DUlenia 105. 138 
Dimorphic 133 
Dioecious 110 
Dioncea 302 
Dioscorea 39 
Diplostomonous 98 
Distichous 71 
Dodecaudrous 110 
Dorsal suture 117 
Double flowers 97 
Dracsena 247 
Drosera 303 
Drupe 146 
Duramen 246 
Dwarf-shoot 401 
Ecology 437 
Ectoplasm 167 
Egg-apparatus 318 
Egg-cell, 318 
Eichhornia 24, 37, 66 
Elaborated sap, 300 
Bleitaria 394 
Emarginato 67 
Embryo 153 
Embryo-sac 120, 318 
Endocarp 142 
Endodennis 209, 231 
Endogenous 24, 236 
Endoplasm 167 
Endosmosis 278 
Endosperm, 153 
Endospore 422 
Knhydra 371 
Ensiform 63 
Entomophilous 123 


Enzymes 299 
Epiblem 209, 229 
Epicalyx, 106 
Epicarp 142, 

Epiycotyl 9 
Epidermis 208 
Epigeal 9 
Epigynous 102 
Epinasty 322 
Epiphytes 25 
Epithelial cells 210 
Equitant leaves 63 
Eridbolrya 359 
Jiriodandron 348 
Xrythrina 366 
Etaerio460 
Eugenia 369 
Euphorbia 386 
Eurotium 431 
Eusporangiate 406 
Exalbuminous 10, 165 
Exodermis 230 
Exogenous 24 
Exosmosis 278 
Exospore 422 
Extino 114 

Extra-stelar ground tissue 218 
Eyes 32 
Fascicle 75, 88 
Fascicular cambium 241 
Fasciculate root 24 
Fats 198 

Fermentation 433 
Fertilisation 3I8 
Ferns 402 
Feronia 40 
Fibrous root 20 
Fibrous tracheid 186 
Fibro-vascular bundles 228 
Ficus 338 
Filament 111 
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Flturya 383 
Floral leaves 67 
Floral diagrams 99 
Slower 92 

Flowering plants 5, 331 
Flowerless plants 5, 331 
Fly flowers 126 
Fly-trap 302 
Foliaceous stipule 50 
Foliage leaves 67 
Follicle 140 
Foramen 120 
Free central 119 
Free nuclear division 319 
Free stipules 49 
Fronds 403 * 

Fruit 138 

— simple 139 
—dehiscent 141 
—indehiscent 143 
—schizocarpic 146 
—succulent 145 
—Aggregate 150 

— Multiple 160 
Fundamental system 217 
Fungi 426 

Funiculus 119 
Fusiform root 22 
Galeate 105 
Gametes 317, 425 
Gametophyte 408 
Gamopetalous 106 
Gamopbyllous 103 
Gamosepalous 104 
Gamopetalae 338 
Gardenia 60, 366 
Garlic 34 
Geitonogamy 128 
Gemmes 4l6 
Gemmation 433 
Genetic spiral 72 


Genus 336 
Geotropism 326 
Germination 6 
—of Bean 6 

— of Pea 6 
—of Rice 11 

— of Cocoa-nut 13 
Glabrous 67 
Gladiolus 63 
Glaucous 67 
Glohhsu 317 
Globoids 197 
Glomorlue 88 
Glumiflorae 334 
Qloriosa 69, 66 
Glumes 82, 389 
Gonidangia 430 
Gonidiophore 430 
Gossypium 345 
Graminaceae 386 
Grana 174 
Gravity 326 
Growth 311 
Growing point 206 
Guard-coils 239 
Guava 369 
Gummose 183 
Gymnospermia 333, 398 
Gym nosperms 398 
Gymnosporia 40 
Gynandrous II2 
Gynobase 103 
Gynojcium 93, II4 
Gynophore 103 

Hairs 266 
Haplc--itemonous 99 
Hastate 65 
Haustoria 26 
Heart wood 246 
Hedychium 33, 396 
Hedysarium 323 
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Helicoid cyme 89 
—dichotomy 46' 
Halianthus 367 
Heliotropism 323 
Herb 28 

Heptandrous 110 
Hepatice© 416 
Herkogamy 132 
Hermaphrodite 100 
Hesperidium 149 
Heterophyly 64 
Heterosporous 409 
Heterostyly 133; 
Hibiscus 97, 344 
Hilum 63, 196 
Hiptage 144 
Histology 3 
Homosporous 409 
Hook-climber 39 
Hordeum 390 
Hyaloplasm 169 
Hydrotropism 323 
Hydrophilous 127 
Hydrophytes 438 
Hydrocotyla 57 
Hygroscopic 277 
Hymanocalis 34 
Hypanthodium 89 
Hyphae 426 
Hypocotyl 8 
Hypocratoriform 107 
Hypoderma 218 
Hypogeal 9 
Hypogynous 102 
Hypsophyll 67 
Hyponasty 322 
Iberies 84, 342 
Imbricate 68, 79, 109 
Imparipinnate 60 
Induced movement 321 
Indueium 406 


Inferior ovary 102 
Inflorescence 78 
Inf rutescence 139 
i'lfundibuliform 107 
Initial cell 207 
Insectivorous plants 301 
Integuments 120 
Internode 28 

Inter-fascicular cambium 241 
Inter-cellular spaces 210 
Inter-petiolar stipules 50 
Intine 114 " 

Intra-molecular respiration 309 

Intra-stelariground tissues 219 

Intussusception 178 

Inulin 196 

Involucre 81, 367 

Involute 68 

Ipomoea 38, 376 

Iris 63 

Irritability 321 
Irregular flower 108 
Isogamy 422 
Isomerous flower 101 
Isostemonous 110 
Ixora 60, 88, 364 
Kaempftria 30, 396 
Keel 107 
Kernel 163 
Labiat© 376 
Lagerstroemia 107 
Lamina 48, 62 
Lanceolate 64 
Latex 186 

— cell 186 

— vessels 214 
Lavandula 378 
Lawsonia 107 
Leaf, the 48 

— apex 66 
—tendrils 66 



604 ELEMENTARY. BOTANY 

Leaf 

r 

Maorosporangia 409 

^etructure of 286 

Maorospores 409 

—trace 252 

Malvaceas 343 

—floral 6 7 

Mango 146 

—foliage 67 

Marseecejit 106 

—form of 64 

Marchantia 416 

—ecale 63 

Marigold 370 

—senile 56 

Marsiha 32 

—surface 66 

Mechanical tissue 270 

—margin 67 

Medulla 2l7 

—mosaic 77 

Medullary rays 217 

—climber 66 

Medullary sheath 243 

Legume 141 

Melaleuca 251, 361 

Leguminosffi 352 

Mentha 378 

Lathyrns 50, 366 

Mericarp 146 

Lemna 42 

Meristem 204 

Ijentioles 261 

Meristematic tissue 204, 2 l 0 

Leonunts 376 

Mesocarp I 38 

Leptosporangiate. 406 

Mesophyll 236 

L«ucas 576 

Metaphloem 221 

Leuooplasts 176 

Metaplasm I70 

Lichens 301 

Metaxylem 221 

Lignin 182 

Micropylo 120 

Lignification l82 

Miorosomes 170 

Ligulate 62. 108 

Microsporangia 4ll 

Ligule 62 

Microspores 4 IT 

Liliaceae 391 

Mimosa 328 , 367 

Livtmqjhila 6 6, 7 5 

Mimosas 367 

Linear leaf 54 

Mirahilts 21. 77 

Linin 173 

Momordica 364 

Liliaceous 107 

Monadelphous 111 

Loculioidal 140 

Monandrous IIO 

Lodicules 387 

Moniliform 24 

Loment 142 

Monochasium 89 

Lolais 92, 349 

Monochlamydeous 104 

Lycaptriscum 374 

Monoclinous llO 

Lyrate 69 

Monocotyledons I 4 , 334 

Lysigeuio spaces 210 

Monoecious 110 

Luffa 169, 364 

Modopodial 46 

Lyoopods 336 

Moracese 

Lyt^raceie 36} 

Moringa 20, 60 
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Morni^ glory 3^ 4 
Moms 383 
Mosses 116 

Movement of plants 321 
Mucilage 383 
Mucor 429 
Mucronate 66 
Multicostate 49 
Musa 392 
Musaoeae 392 
Musscenda 366 
Mycelium 426 
Mycorhiza 301 
Myrtacese 360 
Mushroom 434 
Napiform root 22 
A'aravelia 144, 157 
Nasturtium 49, 104 
Natural order 337 
Nectaries 106 
Aepenthes 302 
Ntphelium 350 
Neuter flowers 100 
Nitrogen assimilation 297 
Nicotine 374 
Nicotiana 373 
Night-flower 126 
Nodes 28 
Nodulose 24 
Nucellus 120 
Nuclear spindle 205 
Nucleoli 173 
Nucleus 172 
Nutmeg 166 
Nut 144 
Nutation 322 
Nyctanthes 125 
Nympheacem 349 
JSlymphaa 349 
Oat, Avena 390 
Oboordate 57 

82(a) 


Obdiplostemonous 99 
Oblanceolate 56 
Oblong 54 
Oboval 56 
Obovate 56 
Obtuse 56 
Ochreate 61 
C^ctmum 376 
Octastichous 73 
Offset 37 
Oil, ethereal 199 
Onion 34, 175 
Oogamy 422 
Oogoriia 422 
Ooplasm 166 
Oosphere 407 
Oospore 408 
Operculum 419 
Opium, Papamr 343 
, Opposite leaves 74 
Opuntia 42, 66 
Orbicular 64 
Orchids 22 
Ornithophilous 126 
Orobanche 304 
Orthostichies 73 
Orthotropous 121 
Oryea 386 
Osmosis 277 
Osmotic pressure 277 
Oval 64 
Ovary 94 
Ovate 64 
Ovule 94 
Ovum 318 
Osalis 37 
Palem 82, 386 
Palisade parenchyma 236 
PalmaoesB 396 
Palms 396 
—structure of 224 
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Palmate 61 
Palmatifid 58 
Palmatipartite 68 
Palmatiaect 58 
Paoiole 86 
Papaveraces 340 
Papaw 110> 148 
Papilionaceae 352 
Pappose 106 
Pappus 105 
Parallel venation 63 
Paraphyses 436 
Parasites 26> 300 
Parasitic root 25 
Parenchyma 187, 212 
Paratonic movement 321, 323 
Parietal plaoentation 118 
Paripinnate 61 
Passion flower 107 
Pea, Pisum 352 
Peach, Prunus 146, 36'J 
Pectose 182 
Pedate leaves 59 
Pedicel 79 
Peduncle 79 
Peltate 46 
Pentaatichous 72 
Pentacyclic 99 
Pepo 14 8 
Perennial 24, 30 
Perianth 103 
Periblem 208 
Pericarp 136 
Periohffitium 417 
Perioyole 219 
Periderm 248 
Perigone 103 
Perigynoua 102 
Periaperm 163 
Peristome 119 
peritheoium 432 


Permanent tiastfe 204, 211 
Persistent 49, 105 
Personate 108 
Petaloid bracts 80 
Petaloide 334 
Petals 92 
Petiole 48 
Petiolule 60 
Phaseolus 355 
Phanerogamia 331 
Phelloderm 249 
Phellogen 211 
Philodendron 25 
Phloem 219, 221 
Pbloeterma 219 
Phoenix 396 
Phragmitis 391 
Photo-synthesis 292 
Phylloclade 42 
Phyllodes 67 
Phyllotaxis 71 
Physalis 374 
Piliferous layer 229 
Pine 76, 400 
Pine-apple 160 
Pinguicula 303 
Pinnatifid 68 
Pin nati partite 58 
Pinnatiaect 58 
Pink 107, 118 
PisHa 24, 37 
Pistillate 100 
Pisum 362 
Pitcher plant 302 
Pith 217 
Pits 180 
Placenta 116 
Plaoentation 118 
Plaited 68, 109 
Planogametes 422 
Plasmodesma 18Q 
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flaetids l74 
Plerome 208 
Plicate 68 
Plumule 6 
Poa 891 

Pmciana 60, 366 
Pollen-grains 93, 113 
Pollen-tube 114 
Polliiiia 113 
Pollination 122 
Pollinodium 432 
PullulatioD 433 
Polioplasm 169 
Pofyalthea 67 
Polyandrous 110 
Polyanthes 30, 63 
Polycbasium 88 
Polygamous 110 
Polypetalous 106 
Poly petal® 334 
Polysepalous 104 
Pome 149 
Portulaca 134, 141 
PoruB dehiscence 113 
Prickles 40 
Primary meristem 207 
—root 19 

PrimordeJ utricle 169 
Procambium 211 
Prolificiition 98 
Promeristem 210 
Prop roots 21 
Prosencbyma 187 
Protandry 129 
Proteids 197 
Prothallium 405 
Protogyny 129 
Protonema 419 
Protophloem 220 
Protoplasm 166 
—movement of 171 


Protozylem 220 • 

Prunus 369 
Pseudocarp 146 
Psidivm 369 
Pteridophyta 402 
Pteris 403 

Ptgrmptrmum 347, 103 
Pubescent 67 
Pyrenoids 426 
Pyrus 869 
Pyxis 143 
Quadrifoliate 62 
Quamodii 376 
Qnassea 98 
Raceme 83 
Racemose 83, 46 
Racbilla 390 
Rachis 78, 60 
Radical 31 
Radicle 6 
Radish 22, 342 
Ramenta 402 
Baphanux 342 
Raphides 199 
Receptacle 102 
Regular 100 
Reniform 66 
Reproduction 316 
Respiration 306 
Respiratory cavity *236 
Resin passages 
Retioulite venation 63 
—vessel 182, 214 
Retuse 57 
Re volute 68 
Rbamnace® 361 
Rhizome 32 
Rhomboidal 66 
Ringent 108 
Rosace® 367 
Rosa 3^ 
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Roote> forme of 24 
— cap IV 
—kiods of 24 
—structure of 229 
Root"oliiuber 26 
Root-hairs 17 
Root-pressure 281 
Rosettes 30 
Rotate 307 
Rotation of protoplasm 172 
Ruhia 50* 366 
Rubiaceas 364 
Ruminate 165 
Runoinate 59 
Runner 36 
Sacch^rum 390 
Sagittate 66 
Salver-shaped 107 
Samara 144 
Santalum 26 
Sap-cavities 168 
Sap-wood 245 
SapindacesQ 350 
Sapindus 154, 351 
Saprophytes 304 
Sarcocarp 146 
Saraca 366 
Sarracenia 302 
Sarsaparilla 51 
Soalariform 185 
Scale-leaf 63, 64 
Scape 78 

Schizogeiious space 210 
Scindapsus 26 
Scitan]inea3 391 
Sclorenchyma 184, 213 
Scleroids 184 
Sclerophyllous 445 
Soorpioid dichotomy 45 
Screw-pine 21 
Secondary growth 243 


—of roots 246 
Seed 163 
—albuminous 153 
—exalbuminous 153 
Selaginella 264 
Self-pollination 133 
Sepal 92 
Septicidal 140 
Septifragal 140 
Serrate 67 
Sesbenia 366 
Sessile 66 

Sexual reproduction 316 
Shoot 28 
Shrubs 28 

Sieve-tubes 181, 214 
'—pits 181 
Silicula 142 
Siliqua 142, 341 
Simple fruit 139 
—leaf 69 
Sinistroi’se 39 
Sleep-movement 327 
Smilaz 61 
Solanacem 371 
Solanine 374 
Solarium 371 
Sorosis 160 
Sorus 406 
Spadix 84 
Spathe 80, 393 
Spadiciflorse 334 
Species 336 
Spei'matopbyta 331 
Spermatocytes 407 
Spermatozoid 317 
Spike 84 
Spines 66, 40 
Spinous leaf 66 
Spinous stipules 51 
Spiropyra 42 
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Spliut wood 246 
Spongy parenchyma 235 
Spontaneous movement 321 
Sporangiophore 430 
Sporangium 404 
Spores 404 
Sporogonium 420 
Sporophyllsj 331, 402 
Sporophyte, 331 
Sporoplasm 166 
Spring wood 244 
Spurred 106 
Stamens 92, 111 
Staminodes 111 
Staminate 100 
Standard 109 
Starch 193, 293 
Stellate colls 183 
Stele 232 
Stem 28—42 
—structure of 216 
Sterculiaceae 349 
Sterigmata 432 
Stigma 94 
Stilt roots 22 
Stipitate 103 
Stipe 434 
Stipules 49 
Stolons 36 
Stomata 235, 239 
Stone 146 
Stragglers 39 
Stratification 179 
Strobilus 151 
Strophiolcs 154 
Style 94 
Suberin 182 
'ucker 36 
igar 196 

idew, Drosera 303 

lower, HeUanthus 367 


Superior ovary 102 • 
Sutures 140 
Swarmspores 333 
Syconus 161 
Symbionts 300 
Symbiosis 300 
Sympodium 46 
Syucarpous 116 
SynergidsB 318 
Syngenesious 111 
Tamarindus 366 
Tap root 19 
Tagttas 370 
Teak, Tectona 378 
Tegmen 166 
Tendril 40, 66 
—climber 38 
Tendrillar stipules 61 
Tentacles 303 
Testa 6, 155 
Tetrandrous 110 
Tetradynamous 111 
Thalamus 91, 95, 102 
Thalamifloreae 337 
Jhallophyta 422 
Thallus 3 
Thorn 40 

— climbers 40 
Tissues 203, 211 
—secondary 241 
—primary 216 

—fibro-vascular 228 
—fundamental 217 

— mechanical 270 
Tissue-tension 269 
Tomentose 57 
Tonoplasm 169 
Torus 102 
Trachess 214 
Tracheides 185, 214 
Trapa 64 
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TrMMpiration 282 
Tnatioration current 286 
Traoeverse dehiaoenoe 113.141 
Trees 28 

Tria^lphous 111 
Triohogyne 482 
TrichoSAtUkts 98 
Trifoliate 62 
Tiipinnate 61 
Tiii^ltws 72 
Tritleum 988 
Tropnolum 49 
Truncate 67 
Tuber 32 
Tuberous root 24 
Tubular 107 
Tuuicated 34 
Turgidity 268 
Twiner 88 
Twining stem 326 
Tffpha 63 
Umbel 84 
Umbellules 85 
Underground shoot 31 
Unicostate 63 
UnifoUate 66 
Drma 848 
Urticaceae 383 
Uroeolate 107 
Utricle 144 
Vacuole 168 
Valvate 68, 109 
Valvular dehiscence 113 
ValUsneria 37, 66, 127 
Vanda 26 

Vascular bundles 228, 237 
—course of 262 
—plants 332 
—tissue 


Variation movement 321, 327 
Vaeiform tracheidee 185 
Velum 485 

Vegetative reproduction 317 
Venation 63 
Ventral f^U 407 
Ventral giature 117 
Venus’ 6y trap 302 
Varbenaceaa -37 8 
Vernation 68 
VernoiUa 144, 371 
Vertioillaster 88, 376 
Vessels 182 
—kinds of 214 
Vexillary 109 
Vexillum 109 
ViUous 67 
Vinea 116 
Vites 379 

Water culture 274 
Water plants 438 
Wheat, Tritioum 388 
Whorled leaf 7 4 
Wind pollination 122 
Wood cells 187 
Xerophytes 444 
Xenogamy 128 
Xylem 221 
Yaast 433 
Yucca 248 
Zea 390 
Zinnia 370 
Zingiberaceae 394 
Zixyphus 40, 361 
ZoophilouB 126 
Zoospore 423 
Zygomorphic 100 
Zygospore 430 
Zygote 317 








